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The want which, as a teacher of Practical Chemistry in 
a Medical School, I have long felt, of a small manual 
containing instructions for the examination and analysis 
of urine, blood, and a few other of the more important 
animal products, both healthy and morbid, and com- 
prising also directions for the detection of poisons in 
organic mixtures and in the tissues, was my chief in- 
ducement in undertaking to write the present little work. 

In doing this, my endeavour has been to supply a 
book that will be found useful, not only to the Medical 
Student, but also to the Practitioner, to whom the value 
and importance of the applications of modem chemistry 
and microscopic analysis to his art, are becoming daily 
more and more apparent. 

The writers to whom I have been chiefly indebted are 
Drs. Gk)lding Bird, Owen Bees, Day, Franz Simon, Vogel, 
and Donn6. My warm acknowledgments are also due 
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to my friend and colleagae, Professor Miller, who, in 
addition to much other valuable assistance, kindly under- 
took to revise the proof-sheets during their passage 
through the press. 

JOHN E. BOWMAN. 



King's College, London, 
April, 1850. 
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MEDICAL CHEMISTRY. 



PART I. 



CHAPTEE I. 

HEALTHY URINE. 



SECTION I. 



1. Healthy human urine is an amber-coloured, watery 
fluid, holding in solution a great variety of substances, botn 
organic and inorganic, and containing also in suspension a 
small quantity of mucus, derived from the bladder and 
urinary passages. The specific gravity (278) of the healthy 
secretion may be said to vary from 1003 to 1030, depending 
on the amount of solid and liquid food taken, the period of 
the day at which it is passed, and other circumstances, 
which tend to increase or diminish the proportion of soHd 
matter contained in it. Thus the urine which is passed 
shortly after drinking much water or other fluid, conmionly 
called mina potuSf is usually pale in colour, and of low 
specific gravity, varying from 1003 to 1009 ; while, on the 
other hand, that wmch is secreted soon after the digestion 
of a full meal, commonly called urina chyli, has most com- 
monly a high specific gravity, frequently 1030 ; the urine 
which is passeoi immediately aft;er a night's rest, called 
urina sanguinis, may generally be consi^red to famish a 
fair specimen of the average density of the whole urine, 
and mU in most cases be found to nave a specific gravity 
varying from 1015 to 1025. The average density of the 
whole urine passed by an individual in the twenty-four 
hours, is usually from 1015 to 1020 ; and the quantity 
passed during the same period varies from twenty to forty- 
eight or fifty ounces, holding in solution usually from 600 
to 700 grains of solid matter (279). 

B 
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WUle warm, urine has a slightlj' aromatic; amell, 
which is not pereeptiblo after ooolir^. The csperimentg 
of Dr. Bence Joues show that when passed shortly after 
eating-, the urine is invariablj alkaline to test paper) 
becoming gradually more and more acid, up to ttie tuna 
wlien the next meal is taken, ^lien kept for aome litda 
time, it gradually berames turbid, and deposits a sediment ' 
of earthy phoapliates, previoualy held in solution by tl», 
slight escesB of acid present (^). If the urine be kept 
ibr a atill longer time it graduuly pntrifies, and, becomtiig 
more and more concentrated by spontaneoua eraporatioa, 
deposits minute cryst^ of chloride of sodium, phoaphatea, 
and otiLer salts, and erentiiallj becomes corered with ■ 
greyish coloured mould. 

3. Although chemists have not vet succeeded in ioBulat- 
ing for exammation oil the ingredients of urine, nor erea 
ascertained the general nature and eharacter of several of 
the compounds which probahlv enter into its compositioii, 
still they have by their researches determined what appear 
to be the most important of its constituents ; and it is to 
these only that (he student need ttim his attention, leaving 
the more problematical and ohaeure parts of the anbiecst 
to be decided by the future labours of the physiological 
chemist. 

4. The aolid laatters of the urine may be said to coiuiit' 
of the following — viz., Urea; uric acid; ki^wri^ addf. 
veiical miacua and ejtithelial debrii ; animal extractives ^ 
ammaniacal salts ; fixed ulhaline salis; and earlky salta. 

6. The student will do well to test a Uttle of the healthy 
•ecretion, which should, for this purpose, be that pass^ 
immediately after a night's rest (1), for these several 
snbstancea, in tlio manner described under each, in the 
following sections ; and if he has leisure and opportiinitr, 
he may prepare gpecimens of urea, uric and bippuric acids, 
and aomc of the other conatituenta. 



Urea {C,,H,NA)- 
«. 'Jliis importnnt injjredient of the urine, which appean 
o Iw Ihi! vohiule by which nearly the whole of the nitrogen. 
if the ezhaiuted tiiiues of the body ie removed £rom the 



gyatem, is a eolid cryatolline eubstance, colourless when in 
a state of purity, and easily insulated from the other 
mattere with which, it ia aaaonuted. 

7. The presence of nrea, in the mine may be readily 
shown by concentrating a Uttle of the aecretion to about 
one-haif or one-third its bulk, and misiug it with an eqiial 
quantity of pure nitric acid ; when delicate crrBtalline 
riiomboidal plates of impure nitrat-e of urea (CJH^N^O,, 
HO.NOj) will he found gradually to Beparate from the 
hquid (16). 

8. Pure urea may he obtained irom the urine, by first 
converting it into the oxalate (C^HjNjOj^HO.C.Oj) (14), 
the cryHtalB of which should be dissoiyed in hot water; 
after which the solution is treated with pounded chalk 
(CaO.COj) M long as effervescence is produced. The 
oxalic acid. (CjOj) la thus removed from the urea, which 
latter remains in solution, while the insoluble osalatc of 
lime, {CaO,CjOa+2Aq), together with the BKcesa of chalk 
employed, is precipitated. 



C.jS,N,0,,H0,CiO,+CaO,GO^=CiiO.Cfi^-^COs+ 

The aqueous solution may then be purified by boding 
with animal charcoal, and carefully evaporated at a gentle 
heat on a water hath, or under the receiver of the air- 
pump (Prac. Chem. 646), iintil the urea crystallizes. 

9. The crystals of urea, which, when obtained by slow 
evaporation, are four-sided prisms, are soluble in about 
their own weight of oold water, and in a much smaller 
quantity of hot ; from which latter the urea separates on 
cooling, in the form of beautiful silky needles. It is 
soluble iu about 4.5 parts of cold alcohol, aud in less ibmi 
half that quantity of hot ; in cold ether it ia nearly in- 
soluble. Its tAsto is saline and cooling, somewhat resem- 
bling that of nitre. 

10. The proportion of urea present in healthy urine 
appears to vary from twelve to upwards of thirty pari* in 
1000, about fourteen or fifteen being the average. 

11. An aqueous solution of urea may be kept, provided 
it is pure, for a considerable length of tmie, wiUiout under- 



going chemical change ; hut if any albumen or mncus, (w 
other fermentesclble matter, is present, decomposition 
rapidly seta in, and in a short time the whole of the 
urea becomeB transformed iuto carbonate of 
(NS,0,CO,), the elementB of water being at the 
Bssimileted, 

this change Bpeedil; takes place, owinK to tlw 
mneiia ; the secretion thus acquiring, especiallj' 
n weather, an alkaline reaction in the course of a 
few hours after being paased. Under the influence of th» 
caustic alkalies also, urea becomes gradually conTBited into 
carbonate of ammonia. 

12. When heated on platinum foil to about 260°, urea 
fufles ^^^thout uudergoing decoiaposition ; but if the heat, 
"be increased much beyond that point, it ia decomposed into 
ammonia (NH3) and cjanate of ammonia (NH^O.CjNOV 
which TolatilizB, leavmg a residue eonaisting diiefly c^ 



I 



cyanuric acid (3HO,Cy,6,). 
13. TTrea, though its sokti^ 



. Urea, thouah its soltitiou is neutral to test paper, ha» 
decidedly baaic characters, combining with acida to fonai 
Baits, some of which are crystalline. Of theee, the twv 
which are of the moat practical iniportance. are the oxaJatA 
(C^,S30j,HO,C^0,) and the nitrate (C^,NA<HO,NOJi; 
which, on account of tlieir sparing solubifity in water, 
■apply a ready means of separating urea from 
matters co-existing in the urine. 

14. Oxalate of urea (CjlI^NjO^nO.CjOJ may be 
pared by concentrating mine on a water bath to about 
eighth its bulk, and filtering through muslin, in order tOi 
separate the insoluble set^nient of phosphates and tiratea^ 
■which are gradually deposited during the evaporat' ^^ 
The liquid thus cluified, is mixed with about an e^ 
bulk 01 a atroug solution of oxalic add in hot water, or tl)« 
soUd acid in powder may be added as long as the liquid^ 
heated to about 190° or 200°, continuea to dlsBolve it. IImi 
mixture, on cooling, deposits an abundant crop of cryat^df 
of osalate of urea, mixed with a little of the excess of osalioi 
acid, and coloured brown by the adhering impurities. Thaj 
crystals are then gently pressed between folds of filteriitfi 
paper, washed with a small quantity of ice-cold water, a^'I 
purified by reorjstollization ; the hat traces of colouring 




matter being 



■ed,if n 




Fig. 1. Ozalata o: 



a animal cliarcoal. 

15. The oxalate tiua olitaiued 
is colourless, and in the form 
of tabular or prismatic erystjilfl 
(Fig. 1), wEch are rcadUy 
soluble in hot water, bat only 
Bparinglj BO in cold, twenty-five 
parts of which dissolve not 
more than one part of the salt. 

16. Mfrmte if urea {C^H.NjOj.HO.NOi) may be obtained 
by adding strong colourlesa nitric acid, free from nitrous 
acid, to urine previouaiy con- 
centrated by evaporation to about 
one-third its hulk ; the nitrate 
gradually separates in irregular 
rbomboidal plates (Fig. 2), more 
or less coloured and modified in 
form, by the impurities present. 
The crystals are washed with a 
little ice-cold water, then pressed 
between folds of filtering paper, 
and redissolved in Itucewarm 
water ; lastly, they are purified 
by recrystailization, and if neces- 
sary, the last traces of colouTins 
matter may bo removed by boil- 
ing tjie solution with animal 
charcoal, t,., „ ...^ ^ ,. 

17. Nitrate of nrea is soluble *" oriji-ea. 
in about eight times its weight of cold water, and in a 
much smaller quantity of hot. It is tolerably soluble also 
in alcoho!, especially when warm ; but almost insoluble iii 
ether. 

18. The formation of this crystalline compound on the 
addition of nitric acid is one oi the most distinctive tests 
for the presence of nrea which we possess. The esperi- 
ment is made easily, and with great debcacy, under the 
microscope, by concentrating a drop or two of urine on a 
glass sHde, and adding to it about an equal quantity of 

§Qre nitrie acid ; the nitrate will gradually crystallize in 
elicate rliomboidal plates (Fig. 3), the number and abnn- 




dance of whith will fiimish ftome indication 
of urea preaent in tte aecration (181). 



Ml of the quantilj ] 



Uric (or LitMc) Acid(C\^\S^O^). 

19. Uric acid, thongli nsuaJly present only in amaU 
quantity in human unne, appears to bo one of the most 
important of its ingredienta ; and as the proportion Tonea 



Talnable oasistance to die physician in diagnoHia. The pro. 
portion preaent in. the healthy secretion appears to vaiy 



H of diBease, 
intity, irec[nently aiFords much 

3 heStl^ - - .. 

n 0.3 to nearly 1.0 in 1000 parts, about 0.4 being the 

usual average. It probably exists for the most part in 

■ combination with (unraonia, since, vhen uncombined, it 

requires nearly 15,000 times its weight of w>ld water to 

dissolve it, while the urate of ammonia (NH,0,C,Jlf,H^O,) 

I is considerably more soluble (33). 

20. Uric acid may be obtained by adding to urine, pre- 
viously concentrated to about half its bijk, a few drops of 
hydrochloric acid (SCI), and allowing the mixture to stand 
for a few hours in a cool place. Minute reddish crystals of 
the acid gradually appear, having 
the forms shown in figure 3, 
y<^ — \L*-x ,„ Stained with the colouring matt«n 
^^■^^^^ZD fo-eristing tn the urine. These 
r=v /..X H crystals may then be dissolved in 

moderately dilute potash, and £roia 






*^r 



fQ SB! iS^ *^® solution thus obtained, thei 

" ^OfTTtEj pure acid may be again precipitated. 
Cjy C) /) in a eryatalline andcolourless stata* 

by supersaturating it with hydro- 
Fig. 3. Drio add ctloric acid. 
21. The crystalline forms in which uric acid is presented 
lo us are very various (186). hut they all appear to b«i 
modifications of the rhombic prism. Most of theaft' 
crystals, when examined ■nith the polarizing mioroscopef. 
develope very beautiiiil colours ; and their forms are aev 
L qnently characteristic, and indicative of the pecnliBr c 
cumstances under which they may have been deposited. 



22. Uric acid requires, according to Liebig, about 15,000 
times it« weight of cold, and nearly 2000 times its weight 
of hot, wat^r, to dissolve it, fonning, in the latter, a adn- 
tion which is feebly a^-id to teat paper. It ia insoluble in 
aleohol, and nearly so in dilute hydrochloric and Bulphuric 
acids; it dissolves ia the latter acid when roneentrated, and 
is reprecipitated on the addition of water. It combines 
with bases, especially the alkalies and alkaline earths, 
forming aaJts (urates) which are for the moat part insoluble, 
or very sparingly soluble in. water. Of these the most 
soluble is the urate ofpoituh (KO.O^.JH ^Kfi^, which dis- 
solvea in about 85 times its weight of hot water, and in a 
still smaller quantity if any free potash is present. On this 
account, uric acid disaolves with comparative facility in a 
solution of potash. Urate of soda {^aO,C,^^B.fl^) re- 
quires for its solution 124j times ita weight of hot water ; 
and urate of aatmonia (KH^O.Ci^.H^O^) 243 timcB its 
weight of hot, and about 1720 of cola, water, t« effect its 
solution. The presence of a small quantity of chloride of 
sodium, such aa ia contained in the urine, renders water 
capable of dissolving nearly twice as much urate of ammonia 
as ia taken up by pure water. 

23. The action of nitric acid (JVOJ upon uric acid is 
highly characteristic, and fiimishea, perhapa, the niosl 
delicate t«st of its presence which we possess. If a little 
of the acid, in the state of powder, is placed in a drop or 
two of tolerably strong nitric acid, in a watch glass or on 
a atrip of glass, it will gradually dissolve ; carbonic acid 
(G 0,) and nitrogen being given off with effervescence, and 
leaving behind a mixture of alloxan (C,A'jiZiO|o}. alloxan- 
tine {C,S,2V,0j), and some other compounds. Thia may 
then be evaporated nearly to dryness at a gentle heat, 
when a red reaidne will be left, which, lehe/t cold, should 
be moistened with a drop or two of ammonia, or exposed 
to ammoniacal fumes, which will develop a beantifiil purple 
colour, owing to the formation of mureside (CuJi'^.HjOj). 
The same effect is produced when urate of ammonia, or any 
other urate, is aimnarly treated. 

24. "When heated before the blowpipe, uric acid ia de- 
composed, emitting a disagreeable smell, resembling that 
of burnt feathers, mixed with that of hydrocyanic acid 
(840), which, together with carbonate of ammonia and some 
other compounds, ia formed during the decomposition. 



Sippuric a>Hd (HO,C,„NH,0,). 



r 

^^^H 2S. A tmail qaajxtity of hi)>piiriR add appears to be 

^^^B Mner^f present in healthy urme. and in certain forma of 

^^^K IBBease, especially in c-ases where a vegetable diet has been 

^^^B ndopted. tue qiiantity is found ta increase conaiderablj. 

^^^V 26. Hippnnc acid may he prepared irom. fresh huuuo 

^^^1 Brine, or still more readily from the urine of the herbiTora, 

^^^P wluch nsDBlly contains it in much larger quantity ttum ths 

^^^f honiBJi secretion. The urine is first evaporated at a gentle 

' heat until it haa the consistence of a syrup; it is then, aiter 

cooling, supersaturated with Uydrocliloric acid, wliidi will 

diasolre the earthy salts, and cause at the same time & 

oiyatalline precipitate of impure hippurie acid mixed wif}i 

colouring matters and other subatances, wliich give it a 

more or less dark brown or reddish colour. The precipitata 

is then dissolved in a small quantity of hot water, &om 

which it again erystallizes on cooling. The crystals, thus 

to a certain extent purified, are now disaolved in hot wat«r, 

and a current of chlorine gss is passed through the hot 

iolution, which has the effect of deeomposing most of the 

eolouring matter and other impurities, leaving the hippurie 

acid unaffected. The acid Kquid is then neutralized with. 

carbonate of soda, by which hippurate of soda {NaO,C^ 

JVZt,Oi) is fonned, tne CBrbonic acid being given off wil£ 

efferregeence. The solution is now boiled with miiTiiii.1 

oharcoal, in order to remove the last traces of colouring 

nutter. The solution of hippurate of soda is fUtere^ aiul 

supersaturated with bydrocnlorie acid, which predpitates 

pure hipptu^ acid, in the form of minute tufts of needle- 

flhaped crystals (Fig i, a & b); these may he again di»< 
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solved in hot water, and allowed to cool gradually, when 
beautiful crystals (four-sided prisms) will be obtained, of 
considerable length, but so friable as to fall into powder 
under the slightest pressure. 

27. Hippuric acia is very sparingly soluble in cold water, 
requiring about 400 times its weight of liquid to dissolve 
it; in hot water, however, it is readily soluble, and on 
cooling, crystallizes in beautiftil silky tufts. It is very 
soluble in alcohol, and tolerably so in ether. 

28. When mixed with uric acid, it may be separated 
from that substance by treating the mixture either with 
hot water or alcohol, in both of which uric acid is insoluble 
or nearly so (22). It may be distinguished from uric acid 
also, by its giving no purple colour when tested with nitric 
acid and ammonia (23), and by its different crystalline form 
(26,29,186). 

29. When an alcoholic solution of hipnuric acid is allowed 
to evaporat-e slowly, the crystalline residue which is left has 
usually some such appearance as that shown in figure 4, c. 
When deposited from a hot aqueous solution, the crystals 
have more the appearance shown at c^ in the figure. 

30. When heated in a tube, it is converted chiefly into 
benzoic acid (HO,Ci4Hj03) and benzoate of ammonia (NH^ 
0,Ci^H503), which subhme, together with a red oily matter, 
which has a peculiar and characteristic smell, resembling 
that of the Tonka bean. Nitric acid converts hippuric acia 
into benzoic acid, as does also hot sulphuric acid, sulphurous 
acid (SOo) being in the latter case evolved. 



SECTION V. 

Vesical Mucus and Epithelial Scales, 

31. The small traces of mucus and epithelial debris, 
which are always present in urine, and which do not gene- 
rally amoimt to more than from 0.1 to 0.3, in 1000 parts 
of the healthy secretion, are derived from the internal 
surface of the oladder and urinary passages. The quantity 
is so small as to be scarcely visible in healthy urine, until, 
after standing a short time, it has subsided, in the form 
of a thin cloud, to the bottom of the liquid. It may be 



•eparated by passing 

■ide« of which it will be deposited in the form of i 



s through a. filter, c 



pellicle. 



Ml 

^^^^k ^^ 32. When examined under 

^^^^H 9 "^^B' ^a>t '^^ nucroacope, mucus is 

^^^^v* A rfrttrrlMBPf y* ' ^ foun^ to conflict of minuta 
^^^^■^ ^HHHl^KnJt'r^ |rraiiii]arcorpuBcleB(Fig.S,a} 

^^^^ m^^^^^bSn^^^ Soatine; in the fluid, which. 

' SnHE^M' ^®r a are coloiirteaa, or nearly go, 

more or less roimd, and fre- 
quently oral in shuie, and 
uflually accompanieaby epi- 
thehal Bcahss. The mucus 
corpuedeB dissolve when 
treated with strong nitric 
and acetic aclda, forming a 
I solution from which ferro- 
cyanide of potassium throwa 
down a wlnte precipitate. 

33. When treated with dilute acetic acid {SO.CfSiO^, 
these corpnBcles become more transparent, lose their 
granular appearance, and show in the interior one or more 
distinct nuelei (662). The corpuscles are unaffected, oiT 
nearly bo, by the dilute mineral addB, but readily diasolve 
in- a solution of potash, with the erolution of ammoniacal 
fiimes. For the mrther characters of mucus, eee paragraphs 
99, 163, 210, 247, 660, &c. 

34. The epithelial scales found , 

with mucus, and derired from the epithelial covering of the- 
organs through wliich the secretion has passed, are usually 
mure or less torn and broken (Fig. 5), but are occasionally 
met with uninjured, when they have the appearance shovm 
at & in the £gure. 




SosIbb of Epitheli 
SOD Siametsn. 



Extractive Matter. 

8S. Under the name of exlraetive matter or ani'nol, 

ealraef may be included all the unorystallizable organio 

^ mnltj>r» found in the residue of evaporated urine, which are 

' ' Ic either in water or alcohol, ineluding two substance* 
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wMch will jjrobably be found to possess considerable 
j)liysiological interest — ^viz., kreatine (C^gHi.Og) and krea- 
tinine (CgNgHyO^,* and also the pecubar yellow colouring 
matter of the unne, of which indeed it appears mainly to 
consist ; in other words, the extractive matter may be said 
to comprise all the combustible portion of the residue, with 
the exception of the urea, uric acid, vesical mucus, and 
ammoniacal salts. 

36. These extractive matters, which in healthy urine 
usually amount to from seven to twelve parts in 1000, are 
sometunes divided into spirit or alcohol extract, including 
the portion soluble both in water and alcohol, which has 
also Deen called osmazome; and water extract^ including 
that which is soluble in water and insoluble in alcohoL 
The real nature of these matters is still very imperfectly 
understood; and until we shall have obtained further 
insight into them and their connexion with the animal 
functions, the student may consider them as so much 
undefined matter, excreted from the body; without waiting 
to inquire whether lactic acid and other compounds, the 
presence of which may at present be considered as imcer- 
tain, are or are not contained in it. 



SECTION VII. 

Ammoniacal Salts, 

37. These appear to consist chiefly of the muriate 
(NH^Cl) and the urate {NH^O^C^qN^H^O^, though it is 
probable that some of the ammonia contained in the urine 
IS in combination with the two other acids also present — 
viz., the sulphuric and phosphoric. The urate of ammonia, 
which has oeen aLreaay noticed (19), appears to be the 
form in which the uric acid present in the urine is for the 
most part held in solution, since the free acid requires for 
its solution a larger proportion of water than the secretion 
usually contains. 

38. The presence of ammonia in urine is best shown by 

* See Liebig'8 Retearches on the Chemistry qfFood. 
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addiog a little caustic barrta (BaO,HO)* to the re«due 
left eSct evaporating the liquid nearly to dryneaa at a 
gentle heat, when the odonr of anuaonia will be perceptible, 
and a rod moistened with dilute hydrochloric acid, held over 
it, will give rise to the characteristic white fiimea of muriate 
of ammonia (Prae.Chem.. 195). The proportion of ammonia 
contained in healthy urine appears to be very small ; in 
some fonns of disease, however, especially in certain kinds 
of fever, the quantity is fonnd to increase considerably. 



SECTION VIII. 
Fixed Alkaline SalU. 

39. The fixed salts present in the urine may be obt^ned 

by incinerating tbe evaporated residue, when a white ash 
^11 be left, consiBting of a mixture of the alkaline and 
earthy salts ; the former may then be separated fiom the 
latter by dissolving in water, in wbii;h the earthy salts are 
insoluble (43). 

40. The alkaline salts, which in the healthy secretion 
usually amount to fivm thirteen to fourteen parts in 1000, 

consist of^the sulphates 
s - ji^ ^^C^ ° t- .a of potash and soda 

-^^j^qkW, X-Ct;%V (-rO,SOJ and (NaO, 

^^<^ ''r.r^', ^-^^i^ • <3i SOj), chloride of sodium 
■.■^&i\-:-^^!ir- (N'^Gl), chloride of 
•s^'-'-°6^jSWV^<''- potassium [KCl). and 
'^^■■■^'■'■■"-f' i>J\N<- ^S- ■.- ■ ■ phosphate of soda (22Vo 

^■.■' ■/^^ ■ / £?.^^'-"- The crystaffine reridne 

fV ': '^'' "'-'^ ' '^ff left after slowly erapo- 

^ ^ «■•[>■ -.j^y' rating a few drops on 

-" 'il^i^ '/^Sr "" ' ' * P'^"* **' g'***' nsually 



s appearance r 



has the a,, 

presented : „ -- 

The crosslets (a) con- 
sist of chloride of 



id la prefer 
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sodium ; and the more plumose crystals (b) are probably 
phosphate of soda. 

41. The presence of these several salts may be shown by 
adding to the aqueous solution of the ash, or to the urine, 
the following tests : — 

(a) Nitrate of silver (AgO,NO^) throws down a whitish 
precipitate, consisting of a mixture of chloride (AgCl) and 
phosphate (SAgOjPOg) of silver. These may be separated 
from each other by warming the precipitate with a little 
nitric acid, when the phosphate wiU dissolve, leaving the 
insoluble chloride, which may then be tested with am- 
monia, in which it is readily soluble. 

(b) The acid solution separated from the chloride (a) 
must now be cautiously neutralized with ammonia, which 
win throw down a pale yellow precipitate of phosphate 
(3AgO,P05), which may be agam dissolved by adding a 
slight excess of nitric acid.' 

(c) Chloride of barium (BaCl), or nitrate of baryta 
{BaOfNO^i throws down a white precipitate or sulphate 
of baryta (BaOjSOg), mixed with phosphate of baryta 
(2BaO,HO,P05) ; which latter may be separated by diges- 
tion in nitnc acid, which leaves the sulphate imdissolved, 
proving the presence of sulphuric acid. If the nitric 
acid solution of the phosphate be neutralized with am- 
monia, the phosphate of baryta is again precipitated. 

(d) The absence of all bases except the alkalies, may 
be proved by testing the solution with hydrosulphate of 
ammonia (lflI^S,IIS) and carbonate of soda (NaO,CO^, 
neither of which will be found to cause any precipitate 
(Prac. Chem. 179). 

(e) Potash may be shown to be present bv adding to a 
little of the strong solution about an equal quantity of 
bichloride of platinum (PtCl^, which will cause a yellow 
precipitate of the double chloride of platinum and potassium 
(KCl,PtCl2) ; and another portion may be tested Mrith a 
solution of tartaric acid, which will throw down a white 
crystalline precipitate of the bitartrate (KO,HO,C8H40io). 

(f) Soda may be identified by the behaviour of the 
saJme solution with antimoniate of potash, with which it 
causes a white crystalline precipitate of antimoniate of 
soda (NaO,SbO^) ; and by the mixture with bichloride of 
platinum (e) yielding, when slowly evaporated, yellow 



needle-Bhsped crrstals of the double chloride of Bodium 
and platinum (NaCl.PtCl,), 

42. It ia difflcolt to say in what exa:ct stat« of combinatioa 
these several basea and acids exist in the urine ; but it ia 
moat probable that each base is divided amou^ the seTeral 
aoids, and that a portion of eorli of the acida la combined 
with some of each of the fixed ba,Bea, and also of the am- 
monia (37, 40). 



Eai-thj Salti. 

43 The earthy aalta wlueh form the meoluWe portion 

of the ash and whieh usuallT amount in healthy urine to 

, about one part m. 1000 ixinBist of the pho»>hateB of lime 

and magnesia together witli a amall trane of silica. These 

eartJiy phosphates which are insoluble in water, appear to 

•._ .. . J __ __!_. the urine by the small escesB (rf 

Tisually present in the healthy 
secretion, and may be imme- 
diately precipitated from it by 
"^^ 'C^ffl^ supers aturatmg with ammo- 

'^^ _ I'^fr^' nia. The precipitate thus 

formed consists of a miiture" 

of PHOSPHATE OF LIMB (8CaO. 

3P0i). and the double phos- 
phate OF AMMONIA AND MAO- 
HBBIi {2Mf,'O.NH,0,PO(+ 

12AqJ, which m aUo called 

TBIPLE PHOSPHATE. If thji 

precipitate be examined und^ 

Fig - allied J-hogpnataa ^^ microscope, it Will geno- 

rally be found to consist of minute cryatala of the triple 

phosphate mixed with amorphous particles of phoapliate 

of hme (Fig 7) 

41. The cryataUme form of the triple phoaphat«, as weU 
as ita ohemical composition depends upon the quantity cS 
■nmnoniB present m the hquid during its formation. When 
lutioualy neutralized with tlio alkali, the- 



be retained in aolution u 
BCid (probablv phosphor 
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crystala are priBtnatio (Fig. 6), and in a few rare cases, 
p^miform (Fi^. 9), and appear to conaiat of (MgO,NH,0, 
HO,FOj) ; wHiie, if a decided exceaa of ammonia be odt^ 




^ 



XttHa are starlike and foliaj^eoua, aa Bhawo in Fig. 10, 
n consiat of (2MgO,NH,0,POi+12Aq). When 
the urine gradually becomes alkaline, owing to the spon- 
taneons fbrnation of ammonia Irora the urea (11), the tnple 
phosphate is precipitated in the prismatic form, crystals of 
whicn are always to be detected in atale urine. 




Fij. 10. BtsUata Cryetale of TciplB FhosphatB- 

45. Both varieties of triple phosphate will be found to 
de»elope beautiinl coloura when examined with polarized 
light. 

46. The preaence of phosphoric acid, in combination with 
lime and magneaia, together with a, trace of silica, in the 
insolnble portion of the ash, may be shown by digesting a 



I 
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conBideralile quantity of the latter in diiute nitric acid, and 
filtering the solution from the insoluhle residue. This 
insoluble portion, the amount of whieh is usually Teiy 
Bmall, may then he washed, and tested for aiLiCA, by fiuion 
before tlie blowpipe with carbonate of soda, with which it 
will form, when pure, a dear colourless bead (Prac. Chertu 
437). 

47. The acid solution of the phosphates, filtered from tha 
silica, may then be divided into two portions, and tested u. 
follows ; — 

(a) To the first, add a few drops of a solution of mtrate 
of silyer, and eautioualy neutralise with ammonia. The 

Sellow phosphate of silver (3AsO,P0i) will be throwa 
own, proving the presence of phosphoric acid. 

(b) The second portion of the acid solution is now to be 
nearly neutralized with ammonia, and treated with oxalate 
of ammonia (KS^O,C^Os) as long as it causes a precipitate, 
in order to separate the limb, wliich is tlirowa down aa 
osslate (CaO,C,03+2Aq). 

(c) The mixture (b) is boiled, and filtered from the 
OEamte of lime ; after which the clear solution is treated 
with a decided excess of ammonia, which will, in a short 
time, cause a deposition of the crystalline double phosphate 
of ammonia and MiOKBsii, thus proving the presence of 
the latter base (Prac. Chera. 206}. 

48. The same experiments (a, 6, & c) may also be 
made upon the phosphates wUieh are thrown down by the 
addition of ammonia to ireah urine. 

40. The earthy phos^ihates may also be distinguished by 
the following peculianties, which may be readily seea 
either wit h or without the BBsiBtanee of the microscope. 

(a) When present in escess, they may frequently be V^O- 
cipitated bom the urine in an amor^ous form, by boiluia, 
thus behaving like albumen {139). The phosphatic deposit 
may be really distinguished from the latter, hy being 
soluble in ft few drops of nitric acid, and in not being- 
reprecipitated by any eseess of that reagent (140). 

(6) The earthy phosphates are readfly soluble, witlioiift 
effervescence, m dilute acids, such as the hydrochloTK^, 
nitric, and acetic ; and are reprecipitated by neutralizing; 
the acid solution with ammonia ; that of lime being amor-'! 

. pilous, and the triple phosphate in a crystalline form, either 

W prismatic or stellate (43j . 
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(b.) They are insoluble in a solution of potaah. The 
triple phosphate, when wanned with, an eicess of the 
alkali, gives off ammoniacal fumes, wliich may be dotectcd 
by the smell, and by the white cloud formed, when a rod, 
moistened with dilute hydrophloric acid, is held at the mouth 
of the tube. 2 MgO,NH^O,PO,+2[A"0,ffO)=2(M:gO. 
HO) + N H3+ 2XO,3rO,P Oj. 

(d.) When heated before the blowpipe, phoaphate of 
lime experieaces httle or no change, unless the heat be 
very intense, and continued for a long time, when it some- 
times partially fuses. The triple phoaphat*. when heat*d, 
gives off ammonia and water ; and the residual phosphal« 
of magnesia {2MgO,PO.} fusea considerably more readily 
than uie phosphate of ume. Wben the two phosphateB 
are mixed in about equal proportion, they resemble in 
c«>mpoBitiou the fiieible calculus, and fiise with extreme 
faeihty before the blowpipe (392) . 



CHAPTEE n. 

tJUAKTlTATIVE ANALYSia OF HEALTHY UBIKE. 

50. Counterpoise or weigh two Berlin poreelain evaporat- 
ing basins, which, for tlie sake of diatiiiction, may be marked 
A and B, each capable of holding about four ounces of 
water, and retain the counterpoises, marking them, in order 
to avoid confiision. Then weigh, into earn of the basins, 
1000 grains of urine, and allow them to evaporate first on 
the water batli, and afterwards in a hot-water oven, or 
chloride of calcium bath (Prac. Chera. 647, 630), until they 
cease to lose weight when weighed at intervals of an hour or 
two. (While the evaporation is going on, the experimenta 
deacribed in paragraphs 59, 66, &c., may be proceeded with. 
Tile specific gravity also may be determined (278), and the 
action of the urine on test paper ascertained (277).) Then 
accurately weigh them, and if the wei||;hta of Ixith residuea 
agree with each other, the loss eipeneneed during evapo- 
ration will represent the esact quantity of watbb contained 
in the urine. If the weights do not agree, it is probable 
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that the desicoation of at least oac of the portbna has been 
incomplote ; in which ease it is better to continue the heat 
a short time longer, until the results agree more eloBely. 

61. The residue A may be first exiimiiied, retaining B 
for Bubiiequeiit examinatioD (62). 

53. Warm the residue A with half nn ounce or an ounce 
of alcohol of specific ^avity about .833, stirring themistuM 
occasionally with a glass rod. Pour off tlie solution into 
another baaiu, and again warm tie residue with a little 
more alcohol ; fresh portions of which must be added untS 
it cea«e8 to dissolve an3^hing more. "Wliether this is the 
caae may be kaown. by evaporating a, drop of the cleat 
liquid on platinum foil or a slip of glass, whbn, if anything 
has been dissolved, it will be left behind as a residue. Th# 
alcohoUc solution, which will contain the whole of the uieai 
contaminated with extractive matter and other impnritieo, 
is now to be evaporated to dryness oi\ a water bath, re- 
tuning the residue which proved insoluble in the alcohol 
for subsequent examination (57). 

53. The residue, containing the urea, left after evaporating 
the alcohohc solution (53), is now to be dissolved in as smaS 
a quuitity as possible of lukewarm water, and mixed m& 
pounded oiaUc acid (HO,CjOj+3Aq), whicb may be added. 
as long as the bquid, heated to about 190° or 200°, ooUr ' 
tinues to dissolve it (14). The urea is thus converted into 
the oxalate (C,N^^0j,S0.C^03}, which, as tlie aolutian 
cools, CTTstaUizes out, mixed probably witb some of tite 
excess oF oxalic acid employed; together with extractive 
matters and other impurihes.whichgivetbeerystabamore 
or less intense brown colour. The crystals are to be gently 
pressed between folds of filtering; paper, and then washed 
m. a basin with a very small quantity of cold distilled water, 
which may be poured ofi, and iresh water ndded to tlie 
crystals aalong as it continues to become decidedly coloured; 
by which means most of the soluble salts and other fortngn 
matters are removed. 

54. The washings are now to be concentrated to a small 
biilk by evaporation on a water bath, and left to cool, vhcu 
a fresh crop of crystals will gradually separate. Care muk 
be t^n that au excess of oxaUc acid is present in the Uqnid 
separated from the crystals, which may be known by ito 
mddenijtg htmus paper ; if this is found on trial not to fat i 
x.>. . — ^ a little more of the pounded oxalic aoid most fast' 
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IS otherwiBe, BOine of the urea, wliich, 
very soluble in water, might escape 
Beparation, 

65. When the whole of the osalate of iirea has been 
separated by HocceBsiTe ciystallizationa from the liquid, it 
moist be gently pressed between folds of tiltering jjaper, 
aiid disBoIred m warm water ; after which the Holntion is 
to be digeated for a few hours, at a temperature of about 
100° F. with ponnded carbonate of lime, stirring the mix- 
ture from tiKie to time with a glass rod, as long as any 
efferveecenee is produced. The oxalate is thus decomposed 
in the following manner ; — 



58, The urea, which being aoluble, remaina in solution, 
is to be separated by filtration from the insoluble oxalate 
and carbonate of lime, and eareiuUy evaporated to dryness 
either on a water bath or in vacuo over aulphuric acid 
(Prae. Chem. 646). Its weight will then represent tile 
proportion of ubba in 1000 grains of the specimen of uriue 
under examination. 

57. The portion of the residue which proved insoluble in 
the alcohol (62), containing the urio aeid, vesical mucus, 
the extractive matter soluble in water but insoluble in 
alcohol, the earthy salts, and moat of the other saline 
matter, ia now to be well stirred with succeBsivo small 
portions of warm water, wluch leaves undissolved tie uric 
acid, mucus, and earthy salts. The inaohible matter is to 
be placed in a platinmn or porcelain erudble, previously 
weighed or coimterpoised, and then carefully dried on a 
wfttSr bath, or in a hot-water oven, and weighed. The 
weight having been noted, the dry residue is to be ignited 
in the crucible {Prac, Cliem. 648), until the incombustible 
ashbecomes white,or very nearly ao; when the crucible with 
its contents is to be again weighed. The differem* betu'een 
this weight, and that of the dry residue previoua to igni- 
tion, gires the amount of combustible matter, consisting of 
UBic ACID and VESICAL MUCUS ; wlulc that of the ash 
represents the eabthy psosphatbs akd silica. 
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58. The portion of urine A wiU now have giTen as tie 
weight of, 1. The Water; 2. Urea; 3. Unc acid and 
TeBieal mucus ; and 4. Earthy phosphates and silica, 

59. For the purpose of aacertaining tte respective weiglits 
of the uric acid and reaicol mucUB, 2000 graiUB of the fre^ 
urine may he concentrated by evajioTation to about half its 
balk, and inixed with, twenty orthutj drops of hydrochloric 
acid. In the course of twenty-four houra, the whole of the 
uric acid will have been set free by the hydrochloric acid* 
and being insoluble (22), will be deposited in the form of 
minute cryataln on the sides and bottom of the glass. These 
are to be collected on a weighed filter, and, ailer being 
washed with a Uttle alcohol, dried in a hot-water oven or 
on a water bath. The weight of this acid, divided bv 
two, (since it is derived from 2000 grains of \uine) wiB 
represent the cbic a.cid contained in 1000 grains of the 
secretion ; and having already determined the quantity of 
uric acid and ybbical mucus together (67), the weight of 
the latter is linown by deducting from the combined weighte 
that ofthe uric acid. 

60. The proportion of uric acid and mucus may also b« 
determined by evaporating to dryness 1000 grains of the 
urine, previously filtered from the mucus, and washing the 
residue first with dilute hydrochlorie acid, (containing one 
part of acid to eight or ten of water,) and afterwards with 
a little alcohol. We thus dissolve out everything but the 
urie acid, which, al^r being washed with cold water, may 
be dried and weighed. 

61. If it is required to determine the respectire propor- 
tions of earthy phosphates and silica, in the residue of earthy 
salts (57). which, howerer, is seldom necessary, since tie 

auantity of silica is always very small, it may be done in 
IB following manner: — Moisten the residue with hydro- , 
chloric acid, and evaporate to dryness ; then digest it, -wiQi 
the aid of a gentle heat, in dilute hydrochloric acid, which 
will dissolve out the phosphates, leaving the sitici perfecHj 
iusolulile (Prac. Chem. 426). The weight of the latter u 
then ascertained, and deducted from the gross weight of 
the earthy salts (57), when the difference will represent 
that of the eabtht phosphates ; or the phosphates may 
be precipitated from the hydrochloric acid solution by 
supersaturating it with ammonia, filtered, ignited, and 
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62. We have now to operate upon the residue left after 
the evaporation of the Beuoud portion of urine marked B 
(SO), for the purpose of determining the weights of — 1. the 
animal extractive and ammoniaeal salts ; and 2. the fixed 
alkaline salts. 

63. The dry residue, after being accurately weighed, is 
to be incinerated in a platinum or porcelain cnieibre, until 
the whole of the hlacloieas (carhon) has disappeared, after 
which the weight of the aah is to be noted. The loas 
experienced during ignition being due to the combustion 
of the organic matters and the volatilization of the ammo- 
niaeal salts ; and as we have already ascertained the weight 
of the urea, nrie acid, and vesical mucus, we have only to 
deduct from the whole amount of loss the combined weights 
of those three substances, in order to determine the quantity 

of the ANIMAL EXTEACTIVB iSD AMMONliCAL BALT8. 

64. The ash obtained b^ ignition contains the whole of 
the inorganic matter, or, in other words, the fixed alkaline 
and earthy salts contained in the urine. By deducting 
from this the weight of the earthy salts already determined 
(57), we obtain the proportion of fixed alkaline salts. 

65. We shall thus have determined the proportion of the 

Water, 

#Uric acid, 
Vesical mucus. 
Animal extractive and ammoniaeal salts, 
Fixed alkaline salts, 
Earthy phosphates. 
Silica, 
which, when added together, ought to make up a firaetion 
less than. 1000 grains, some slight loss being unavoidable 
during the course of the analysis. 

Quaniitaiive determifiation of ike inorganie salts. 

66. When it is required to estimate the proportion of the 
several inorganic saltB, whether earthy or alkaline, which 
are contained in the urine, the following plan will be found 
simple and convenient ; or if the estimation of one or two 
only of the ingredients is required, some modification of it 
may be adopted. 

67. Weign out two portions of the inorganic ash (57) in 




ligeat the portion A in about four ounces of tot 
water ; mter, and wash the inaolablo residue with a little 
more hot water, in order to disaolve out the whole of the 
soluble matter. We thus divide A into two parts, both of 
which must be retained for subsequent examination : Ist, 
flie insoluble or eartl^ salts, which we will call C (70) ; and 
2nd, the soluble or fixed alkaline salts, which portion we 
will call D (75). 

69. "While the washing and filtering of A is going on, 
digest the portion B, consisting of ten grains of the ash, 
in about two ounces of hot water, and wash the insoluble 
residue on a filter until the whole of the soluble matt«r is 
dissolved out from the residue of earthy salts, whieh latter 
may be thrown away. Acidify the aqueous solution thus 
obtained with a little nitric acid, and add a solution of 
nitrate of silver as long as it causes any precipitate. The 
chloride of silver (AgCl) thus precipitated is now, after 
boiling, filtered, driecC and weighed, and the chlorine cal- 
cinated as follows ;— 

Ate.iri.ofchlortile Aic. wt. of Weight of chloride Wl, of chlorine In 

144 : 30 :: a : x 

which, when multiplied by five (10x5=50). will repreaent 
the quantity of chloeine in fifty grains of the ash. The 
liquid filtered from the chloriifc of silver need not be 
retained. 

70. The insoluble residue (68) may now be examined, . 
for the piuTOse of estimating the quantity of lime, magnesia, 
and phosphoric acid, contained in the earthy phosphates. 
It is to be dissolved in a little dilute nitric or hydrochlorie 
acid, and filtered from any carbonaceous or siliceous matter , 
that may resist the action of the acid. The acid solution 
of the earthy phosphates is now supersaturated with am* 
monia, which will throw them down m the form of a white i 

ipitato. This precipitate is to be washed on a filter, 

t and, after gentle ignition in a platinum or porcelain 

■ crucible, weighe<L This weight will, of course, represent 




porcelain 
represent i 



tlic qnaatity of BiBTHY phosphates in fifty grains ot 
tlie ash. 

71. The weight of the earthly pLosphatos having been 
taken (70), they are to be re-disHolvea in dilut* mtric or 
hydrochloric acid, agaiii thrown down by neutralizing the 
aeid eolution with ammonia, and once more dissolved by 
adding an excess of acetic acid ; the acetic acid being here 
used as tlie solvent, because the oxalate of lime, which ia 
abont to be precipitated, ia insoluble in an eiceas of acetic 
acid, bat solnble in most of the other acida (169, 170). 

72. Oxalate of ammonia is now added as long as it canaes 
a precipitate ; and the oxalate of bme {CaO.Ofi^+iAq) 
thus thrown down, is filtered, washed, dried, gently ignited, 
by which it is converted into carbonal* (CaO.COJ, ani 
weighed (171). The weight of lime contained in the fifty 
grams of ash may then be caioulated as follows : — 



50 : 28 

73. The solution filtered from the oxainte of lime (72), is 
now again strongly superaatnrated witJi ammonia, which 
will tiirow down uie magnesia in the form of the double 
phosphate of anmionia and magnesia (2MgO,NHjO,P05 
+ 12Aq). The mixture is well agitated, and allowed to 
stand some hours, in order to ensure the separation of the 
whole of the magaesian salt ; after which the precipital* 
is washed with a httle dilute ammonia, in which it is less 
soluble than in pure water, dried, ignited, (by which it is 
converted into pnOHphate of magnesia (2MgO,POj),) and 
weighed. From the freight thus obtained, that of the 
UAQHBsiA in fit^y grains of the ash may be calculated ea 
follows : — 



74. The weight of the phosphoeic acid contained in 
tlie earthy phosphates may now be estimated ly adding 
together that of the lime and magnesia, and deducting tlie 

• 4n=m>i2 ; becBuae eich equlvBl^iil at the plmspluite |i MgO.FO^) can- 
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sum of them from the entire weight of the earthy phos- 1 
phates, obtawed in paragraph 70. 

75. The soluble portion of the ash, D, containing the 

alkaline salts, and whiuh was diasolved out from the earthy i 

Balt« (68), must now he examined. The solution is acidified ' 

with B little nitric acid, and then treated with a solution, of I 

ehlfflide of barium as long as any precipitate is prodnced. I 

The sulphuric acid of the ash is thus thrown down ae eul- j 

phate of baryta (BaO,SOj}, which is to be filtered, washed, | 

dried, ignited, and weighed. From the weight of the sul- | 
phate of baryta thus obtained, that of the sPLPKtrttic a.gid, 

m fifty grains of the ash, is calculated bb follows:— | 



't. of Bniptauric add 



117 : 40 



76. The acid solution, filtered from the sulphate of 
baryta (75), must now be concentrated to about half or 
one third its bulk, and then neutralized or slightly saper- I 
saturated with ammonia; a httle more of the solution of ll 



chloride of barium being added, to ensure the precipitation j 
of the whole of the phosphoric acid. This will throw down ' 
the phosphoric acid previously iu combination with the 
alkaline Da«ea, in the form of phospliate of baryta 
(2BaO,HO,PO(}, which is to he washed with a small quaii' 
tity of water, dried, ignited, and weiehed. From the 
weight of the phospliate of baryta thus obtained, thatof the 
phosphoric acid in the alkaline portion of the fiiiy graioe rf 
ash, may then be calculated as follows : — 



p1w«phAte phofiphori 






77. It may be mentioned that the results afibrded by \ 
this method of estimating the phosphoric acid in the ftHrttUT H* 
salts, are not perfectly accurate, the com;^osttion of the | 
phosphate of baryta not being always preciselv the aame, 
and that salt being also to a shght eirtect soluble in water, 
especially when anmioniacal scuts are present in the sola* 
tion. It will, however, be found sufficiently accurate for 
all practical purposes. 

78. The excess of baryta introduced in the chloride of 
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barium (75), is now to be removed from tbe solution . This 
is done by boiling the solution witb a mixture of cauatic 
ammonia and carbonate of ammonia, aa long as any pre- 
cipitate is ptwluted. When it is supposed that the whole 
of the baryta lias been precipitated, a drop or two of tbe 
clear liqmd should he taken, and tested with a solution of 
sulphate of soda ; if this causes no precipitate, it may be 
eafely concluded that the whole of the barrta has been pre- 
cipitated as carbonate. The mixture is tnen filtered from 
the precipitated carbonate of baryta; the filtered hquid is 
evaporated to dryness, and the residue gently ignited, in 
order to expel the ammoniacsl salts. 

79. The residue after ignition, consisting merely of the 
chlorides of potasBium and of sodium, is now to be weighed. 
It is then dissolred in a small quantity of water, mixed 
with a solution of bichloride of platinum, and the mixture 
is evaporated to dryness, or nearly so, on a water bath. 
The residue is treated with successive small portions of 
alcohol, which will dissolve out the excess of the bichloride 
of platmum, together with the chloride of sodium ; leaving 
nnoissolved the double chloride of platinum and potassiiim, 
(KCl.PtCli). The latter is to he dried in a weighed filter, 
at a temperature of 313^, and weighed. From the weight 
of the double chloride thus obtained, we may then calc-ufite 
that of the potash equivalent to it, as foEows : — 



247 : 48 

80. From tbe weight of potash thus obtained, we are 
enabled to ascertain how much of the mixed ehlorides (79) 
was chloride of potassium ; and the difference between the 
latter and the gross weight will of course represeut the 
quantity of chloride of sodium. The weight of chloride of 
potassium equivalent to the potash, is for this purpose cal- 
culated as foUowB ; — 
AW. wt. of Ate. wt. of ohlij- Wt.ofpot- Wt.of thlorldo of poUisaiinii oon- 



81. The weight of cldoride of potassium thus calculated, 
s then deducted from the weight of the mixed chlorides 
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(79), and the differrnec will represfnt tte weight of chloride 
of Hodium ; thnfl :— 

Weight of mixed cMoridea 

Deduct weight of chloride of potaaaimii 

Weight of chloride of Bodium 

82. The whole of the soda, however, does not esist in the 
urine aa chloride of sodium, a port^ion of it being in com- 
bination with phoHphoric, and periiapa also with aome of 
the other acids present. We have therefore to calculate 
from the quantity of chlorine obtained in a former experi- 
ment (6fl), how nmch of the chloride of sodinm obtained wi 
paragraph 81, existed as such in the urine. This is done aa 
ibllowa ; — 



1 



83. The quantity of chlobide of booidm: thus calculate^ 
is deducted from the whole weight of chloride of BO<iiuin 
preyiouBly obtained (81), and the difference will repreeeilj 
the amount of chloride of sodium equivalent to the aoDii 
which in the urine was combined with phosphoric or o 
Bcidfli thus; — 



84. All the quBntiticB obtained in the foregoing expeibi 
ments (07 to 83), represent the amounts of the seTeElil 
aaline int^dicnta contained m fifty grama of the aali : a^ 
however, the organic ingredients were eatiinated ob t 
tained in 1000 grains of unne (65), the proportion of 
inorganic constituenta should also be reduced to the . 
scale. This may be done in tho case of each constil 
by the following calculation : — 
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AVEEAGE COMPOSITION OF HEALTHY UEINK. 

85. The following analyses of healthy human urine will 
serve to give some idea of its average composition. AlthoTigh 
the amount of the several constituents will be seen to diner 
considerably from each other, it will be found that these dif- 
ferences are not really quite so great as they at first sight 
appear, being in a great measure owing to variations in the 
relative proportions of water and solid ingredients (1). 

Analysis L (Berzelius,) 

Water 933.00 

Urea 30.10 

Uric acid 1.00 

Lactic acid, lactate of ammonia, and ex- 
tractive matters 17.14 

Mucus 0.32 ) 

Sulphate of potash 3.71 ^ 

Sulphate of soda 3.16 

Phosphate of soda 2.94 

Biphosphate of ammonia 1.65 

duoride of sodium 4.45 

Muriate of ammonia 1.50 

Phosphates of lime and magnesia 1.00 

Silica 0.03; 



■ 

CO 

.a 

CE4 
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O 
CO 



1000.00 



Analysis II. (Simon.) 
Specific gravity, 1012. 

Water 956.000 

Urea 14.578 ^ 

Uric acid 0.710 

Extractive matters and ammoniacal salts 12*940 

Chloride of sodium 7.280^ 

Sulphate of potash 3.608 

Phosphate of soda 2.330 \| 

Phosphates of lime and magnesia 0.654 

Silica a trace y 



«0« 



CO 



a 
I 



CE4 



998.000 



r 



Analysis lU. {Br. Milhr.) 



^eeifie gravity, 1020. 

Water 956.8000 

Vtm. U.S300\ 

TJricacid 0.3700 

Alcohol extractire. . . 13.5370 1 

Water BKtracti™ ... 1.6050f 

VeaicdnmcuB 0.1650 

Mtiriate of ammonia 0.9164/ 

CUoride of sodium 7.2195. 

Phorplioric acid 2.1189 

Sulphuric acid . 

Magnesia 0.1198 ' 

Potash 1.9360 

Soda 0.0538 



0.2101 . 



Analj/gia IV. {Marcland.) 

Water 933.199 

Urea 32.676'\ 

TJrioaeid 1.065 

Lactic acid 1.521 

Extractive roattera 11.151 

MucuB 0.383 

Sulphate of potash 3.587 

Phosphate oT soda 3.056 

Sulphate of soda 3.313 n 

Biphosphate of ammonia 1.552 

Chloride of sodium... 4.218 

Muriate of ammonia .,,. 1.652 

Fhosphatee of lime end magnesia 1.210 

taotates ^ 1.618> 

1000.000 
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Analysis V, (Lehmann.) 

Water 937.682 

Urea 31.450\ 

Uric acid 1.021 

Lactic acid 1.496 

Water and alcohol extractives 10.680 

Lactates 1.897 

Chlorides of sodium and ammonium . . . 3.646 

Alkaline sulphates 7.314 

Phosphate of soda 3.765 

Phosphates of lime and magnesia 1.132 

Mucus 0.112^ 



62.318 
> SoHd 
matters. 



1000.195 



Anahfsis VL (Becquerel.) 

Showing the comparative composition of male and 

female urine. 

healthy men. 

specific gravity 1018.9 

Water 968.815 .. 

Solid constituents ... 31.185 .., 

Urea 13.838 .. 

Uric acid 0.391 . . 

Other organic matters 9.261 .. 

Fixed salts 7.695 .. 

Consisting of — 

Chlorine 0.502 

Sulphuric acid 0.855 

Phosphoric acid 0.317 

Potash 1.300 

Soda, lime, and magnesia 3.944 



Ditto of four 


General 


healthy women. 


mean. 


1016.12 ... 


1017.01 


976.052 ... 


971.935 


24.948 . . . 


28.066 


10.366 ... 


12.102 


0.406 ... 


0.398 


8.033 . . . 


8.647 


6.143 . . . 


6.919 



CHAiTEE IV. 



S&. The iiriae posBed during & diBsased state of tlie 
system, ia ohnoat invariably mon; or less altered in its 
compoBition, and frequently ureseiitB physical peculiaritieia, . 
SB of colour, opacity, &c., which are at once apparent ob 
the most cursory examination. The variationa which an 
found to occur in the chemical composition of morbid urine 
may be dirided into two claasea — viz., 

1st. Those in which no abnormal ingredient is present, 
but in which one or more of the normal conBtituent* 
is present either in greater or leas proportion than if 
found in healthy urine, or is altogether absent. 
3nd. Thoae in which one or more abnormal ioOTedienta 
are present, which are not found in the healthy secre- 



I. Urine containing no aiaormal ingredient, hut in yihiei 
an txeets or deficiency of one or more itf its normal eontH' 
iHeTtls iapreient. 



Urine containing Urea, in abnormal qxumtitt/. 

87. Urine containing an eicesB of urea, is chiefly charac- 
terized by its high specific gravity, in which respect it 
reaemhiea that secreted by diabetic patients (116). If lie 
urea be present in large Dxcesa, it deposits irregular rhom- 
boidal crystala of the nitrate (C,N,H.O„HO,NO j, vrhm 
the nrine. either in its natural state, or especially- when 
slightly concentrated, is mixed with an equal quantitr of 
nitric s*id (181). The proportion of urea present in he&fthy 
urine is usually about fourteen or fifteen parts in 1000 (10) ; 
while in disease it often amounts to thirty parts, or even 



r 



Urijte cofitaiiiing uric {or I'lihic) acid in ahnorvuil quantity. 

88. When urine containa an bsccbb of nrie acid, it hsa 
usually rather a. higher colour than the healthj secretion, 
either deep amber or reddish brown. Its specific gravity 
ia seldom mueh higher than 1020 or 1025, nnleas an esceas 
of urea is also present, which is not nn&equently the ease. 
It generaUj has a slightly acid reaction to test paper ; and 
if flie Tiric acid is preaent in any conaidcrahic escess, it ia 
partially deposited as the urine cools, in the ibrm of a 
cryatalEne sediment, iieually of a more or less decided red 
colour, and frequently miied with urate of ammonia, 
mucus, anA other mattera. The crystalline forms in which 
uric acid is found in the urine, are repreacnted in figure 
30, paragraplt 186. This depoaition of uric acid ia greatly 
accelerated by the addition of a few drops of nitric or 
hydrochloric add to the urine (20). 

89. The urine of infanta and youne chddren not iinire. 
quently deposits lozenge-shaped crystals of nearly pure uric 
acid, containing only a trace of yellow colouring matter. 
It rarely happens that uric acid is deposited in the soUd 
state preyious to emission, being held in solution in the 
warm liquid, and gradually separating in the form of a 
sediment, as the secretion cools (186). 

90. The quantity of uric acid, which, in the healthy 
secretion, is seldom more than from 0.3 to 1.0 in lOOO 
parts, varies in morbid urine from a scarcely perceptible 
trace, to upwards of two parts in 1000. 



Urine cojiiaiaing an excess ofuratti [or lilha/e) ofm 

91. Urine containing an excess of urate t 
varies very much in colour and appearance, being some- 
times pale and of low specific gravity, but more frequently 
high coloured, dense, and turbid. It is most commonly 
slightly acid, but is also met with neutral and even alkaline. 




The urate of ammonia is gra- 
duaJly depoBited as the urine 
TOola in tne form of an amor- 
phouB precipitate, which, with 
a high magnifying power, 
ny ptart to conaiat of toiuute 
ruimded particles, oceaaionaUy 
adhenng together, and form- 
ing uTLgnlar linear maasea 
(Fiff 11); frequently mixed 
with miuroBcopie crystala of 
line ttcid; and occasionally, 
when the secretion ia neutral 
fig. 11. UraiB of ammonia, or at a)l alkalme, with the 
earthy phos^hatea (106), 

92. Urate of ammonia haa been met with in a few rara 
cases, in the form of globular maaaea of a larger size, and 
pierced with apieular cryBtala, probably i\ 
ofaupenirateof ammonia (Fig. 12). Like Q ^^ 
the other varieties of urate of ammonia ^l ^ jl Sr 
deposit, it ia usnaJly found mixed with '^'^ "^^ 
cryatalB of liric acid. 

93. Urate of ammonia constitutes one 
of the most common of the urinary de- 
posits. The colour of the sediment is Fig. la. Urate of 
found to vary conaiderably, being met ammDnia. 
with of all shades, from pale fawn colour te reddish purple 
or pink, the latter colours being due to the admirture of 
purpurine, which ia very frequently found associated widl 
die urates (104, 217). TraceB of the urates of soda, lime, 
and magnesia are not unfreqnently found asaociatod with 
urate or ammonia depoaita. 

94. A deposit of urate of ammonia readily disBolvea when 
the nrine containing it is gently warmed ; and is again pre. 
cipitated as the liquid cools. If, however, as is often t^ 
ease, it containa alaoanadmixtureof free uric ncid Or earthy 
phosphates, the deposit will not wholly dissolve on tha 
apphoation of heat, those substances biding nearly aa in- 
soluble in hot aa ia cold water. The presence of par- ■' 
purine (104, 217) usually renders the urate leaa easily 
solnble when warmed. 

95. When a deposit of urate of ammonia is treated witb 
a little dilute hydrochloric or acetic acid, it is decomposetl; 



^ ^ 




and miiiute cryBtalB of uric acid ehortly appear, which may 
be readily difitinguiahed under the microaiiope (194). 



96. Urate of soda is not unirequently -Oi [^ 
met with in the urino of patients takinjf * tI^ 
medicinally the carbonate or other salts ^ '^j^ vi * 
of soda. It may generally be recognised "^ -^ 
without difficulty under tlie microscope, "^ {il -a 
uauaUy forming minute globular and o ^ "* 
Bometunea granulated aggregations, with * 
occasionally irregular and curved protu- Fig 13 Urata af 
beranees, aa shown in figure 13. soda. 

97. It resembles the iirate of ammonia in being soluble 
in hot water {33, 193), and also in most of ita nhemicaJ 
characters ; giving the same purple-coloured residue when 
tested with nitric acid and ammonia (23). It also yields 
crystals of uric acid, when treated with, dilute hydrochloric 
acid (194). When warmed with potash, however, it does 
not of cflurse give off ammoniacal fumes (.377) ; and by this, 
and more especially by its behaviour before the blowpipe 
(302), and by its microscopic appearancci it may be readily 
distinguished from the ammoniacal salt. Tlie two salts are 
frequently found occurring together in the same deposit. 



Urine EontaimTig an exeesg nfSippurie Acid. 

98, There is but little that can be said to be chnraoteristic 
in the appearance of urine in which an excess of bippuric 
acid is present. It ia most commonly either neutral or 
sU^htly odd to test paper, but occasionally alkaline ; and 
is m moat cases pale and whey-like, and of low specific 
gravity. The mode of ita detection will be found described 
m paragraphs 206, &c. 



Urine containing a 



* of Mucus. 



I 

^^^1 99. Mucous urine is most commouly veiy similaj- in 
^^^K colour to the healthy secretion. It deposits b, viscid, 
^^^K tenacious sediment, usually of a dirty yeUowish colouTi 
^^^H consistdn? ehiefly of mutMis mixed viitli epithelium (328) ; 
^^^P whieli, wnen agitated, does not mix again unifarmlj yd&i 
^^H the fluid, hut coherea together in tenacious, ropy masses, 
I entangUng and retaining numeroua bubbles of au*. 

100. Urine wintainine an excess of mucua is generally 
neutral or shghtlj acid when passed, unleaa it has beiOL 

I retained some time in the bladder, when it ia not nnire- 
quently alkaline ; and when this is not the case, it vei^ 
ipeedify becomes so, owing to the rapid eonveraion of tha 
urea into carbonate of ammonia under tite influence of IIm 
mucua (11). Tina change takes place first in the portitoi 
of the fluid which is in contact with the mucous sedunenti 
this may frequently be seen in specimens of slightly acid 
urine, tie upper portions of n'hich redden litmus paperi 
but if the lower part more immediately in contact with- 
tlie mucus be tested, it will be found to restore the original' 
blue colour. 
101. Mucoiia urine differs from that containing pus, ia 
the ropy and tenacious character of the deposit; and aim 
in not giving any sensible indication of albumen when 
tested with heat and nitric acid (254), unleaa tlie albunien 
be derived from some other independent source, which ia 
aometimea the case (255). Minute traces of albumen, 
indeed, are present in the undiluted mucous fluid, but tlie 
I quantity is so small, that when mixed with urine it is inca- 

I pable of being detected (663). 

102. The mucous deposit is frequently found mixed with 
a considerable quantity of earthy phoephatea or uratea, in 
which case it is more liable to be mistaken for pua. Illta 
true nature of such a mixed deposit ia, however, 
distinguished by microscopic examination, which 
always be luid recourse to in such cases (211, 156, 3 



^M^ Urin 



103. ITrine containing extractiTe matters in esceBH is 
uauaOy mora highly coloured than the natural secretion, a 
large proportion of what is included under the title of 
oxtractiTO matter consisting apparently, in most cases, 
of the peeoliar colonring matters of tlie urine. When 
boiled, and subsequently mised with a httle hydrochloric 
acid, 8uch urine Becomes of a more or less decided red 
colour ; and on cooling, usually deposits a quantity of 
brownish or bluish black sediment, which ia readily Bofuble 
in alcohol. 

101. It is not unfrequently the case that the pecuhar red 
colouring matter c^ed purpurine is present in considerable 
quantity in certain forms of morbid urine. This, when a 
deposit of urate of ammonia is also present, ia precipitated 
with the ur ate I giving the sediment a pink or red colour 
(217), When no dejiosit of urate exists, the purpurine 
remains in solution, giving the urine a more or leas bloody 
appearance, which may sometimes lead to the suspicion 
that blood is present. For the methods of identifying 
purpurine, see paragraphs 216 to 321. 

SECTION Tin. 

Urine containing an almormal proportion of 
Jixed Alkali-ne Salts. 

106. When these salts are present in exeeas they tend to 
raise the specific gravity of the secretion. The quantity 
of soluble saline matter may be readily estimated in the 
mass, by incinerating the dry residue left after evaporating 
a known weight of the urine, and treating the ash with 
water, which will dissolve out the alkaline salts, leaving 
the earthy phosphates and sihca undissolved. Tlie aq^ueoua 
solution is then evaporated to drynesB, ignited, and weij;hed. 
The individual proportion of the several salt*, which is 
sometimes a point of considerable interest, may be deter- 
' ■ ■' ir described in paragraphs 66 to 84. 



Vrine containuig the Earthy Phosphates in 
abnormal quantity. 

106. The phyBical charactera of urine coataiiiing _ 
esceaa of earthy phoaphafes vary considerably. The colour 
is most commonly pale, and the specific gravitj rather low, 
but it is also oecasionally dark, aud of high specifi« ertmty, 
eapecially when urea is preseEt in large quantity (87, 301), 
It ia generally alightly acid when passed, but ehort^ 
becomes ueutral or alkaline (43), when the phosphatee are 
precipitated, often in large quantity, in the form of K 
uryetalline aediwent, the colonr of which variea from vrhito 
Bnd grey to a dirty yeUow or reddish brown. "When whito 
or grey, the sediment wi)! probably be found to conaiet 
chiefly of phospbatea niixed with mucus ; when yeUowisi 
or red, it will probably be found to contain, in addition, b 
certain amount of uric acid, or urate of aranionia, moat 
commonly the latter. 

107. It muat be borne in mind that the apontaneoni 
occurrence of a precipitate of earthy phosphates is not at 
itself a proof that they are present m excess ; nor, on thv 
other haid, is the non-occurrence of a deposit a. proof tiiotl 
a amall quantity only is present. When the urme ia atrid, 
as in health, they maybe retained in solution in conaiderable 
quantity, without forming any solid sediment ; while, if the 
secretion ie neutral or alkaline, a compaTatively small 
amount of earthy phosphates may be precipitated in the 
form of a deposit. 

108. "When examined with the microscope, deposits of tLe 
earthy phosphates wiU frequently be found to contain botll 
the crystalEne triple phosphate (MgO,NH^O,HO,POi), 
and also phosphate of Bme, in the form of an amorphonB 
powder, or in minute, irregular, rounded particles (43, U), 

109. Thequantityof earthy phosphates, which, in healmj' 
urine, is usually about one part in 1000, variea, in diseaa^ 
from a scarcely perceptible trace to 5.5 in 1000 parts, and 
ia occasionally even higher. When prcaeut in o\cesa, they 
may generally be partially precipitated by warming the 
nrina (49). 

110. It BometimeB happens, in certain forms of disease, 
that the earthy phospbatea are secreted in much Balalla^ 
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quantity than is foimd in healthy mine, and in some rare 
cases they appear to be aJtoeether absent. Whether this 
is the case in any specimen oS the secretion, maj be ascer- 
tained by adding to it a slight excess of ammoma, when, if 
present onl^ in very small proportion, or not at all, no pre- 
cipitation will take place : or the ash of the urine raay be 
digested in ddnte hydrochloric or nitric acid, and the clear 
acid Boiution Bupersaturated with ammonia, when, if no 
precipitate is produced, it may be concluded that no per- 
ceptible trace of earthy phosphates is present. 



II. Urine containing one or more abnormal ingredients- 

L morbid 
r, ■ . ■ ^ biliary 

matter; 5, pns; 6, fat and ehyloua matter ; 7, semen; 8, 
oxalate of lime ; 9, cyBtine ; 10, iodine, and other foreign 
matters. Besides the substances just enumerated, various 
others may be occasionally detected in. lurne, such as arsenic, 
antimony, and many other saline and organic matters, 
which, havins been taken into the system medicinally or 
otherwise, and being incapable of assimilation, have passed 
through either uachanged, or more or less modified in com- 



Urine containing Sugar {C,iH^|0^^. 

112, The variety of sugar always present in the urine of 
diabetic patients, and hence called diabetic sugar, ha^ the 
same chemical composition as that contained in most kinds 
of fruit, commonly known as grape sugar or glucBMe. It 
appears to contain two equivalents of water or crystalliza- 
tion, which may be expelled at a temperature of 212° ; so 
that its composition may be more correctly expressed by 
the formula (C,aJS'„0„+2 J?). 

113. Diabetic sugar may oe obtained by concentrating 
the nrine containing it, by evaporation on a water bath, 
until it begins to deposit a crystalline sediment ; the mass 
is then allowed to cool, on which the greater part of the 
sugar crystallizes out. It is then filtered ; and when most 
of the bquid baa passed through, the crystals are to be 



I 



pressed between folds of filtering paper, and waalied witt 
B. Bmall quantity of cold strong bIcoLoI, ■wliich serves to 
remove the greater part of the impurities, without dissolving 
much of the sugar. Tlie crystals are then diBsolved in hot 
water, and purified by suecessivo crystollizationHj or, if. 
necesaary, by boiling with animal charcoal. 

114. Diabetio si^ar differs from cane sugar (CijHuOji) 
in being considerably leas sweet to tie taste, harder, and . 
less soluble in water ; one part Tequiring about one and ■ 
half of cold water to dissolve it. In dilute alcohol, on tho 
other hand, it is somewhat more soluble than the cane 
variety ; but is insoluble in absolute alcohol and ether. It , 
is usTKiUy in the form of granular crystals ; but when crys- 
tallized out of a considerable mass of syrap, it is often ob- ■ 
tained in needlelike tufta. When crystallized from ita ! 
Bolntion in dilute alcohol, it usually separates in the form 
of hard transparent cubes, and occasionally in square plat«flk 
An insipid modification of diabetic sugar has been metwilli 
in. a few rare cases ; it appears, in other respects, to poBBeflB< 
the same properties as the common diabetic sugar. 

115. Sh'on^ sulphuric acid dissolves grape sugar, forming ' 
a pole yellowish solution ; cane sugar, on the contrary, n 
almost instantly charred and blackened by the strong acid. 

116. Urine containing sugar is usually characterized by 
its high specific gravity, which is frequently from 1030 to 
1045, and occasionally as high as 1050 and 1055. If. hoir. 
ever, the sugar is present only in small quantity, the speeifis 
eravity may not be higher than usual ; so that a nioderat«fy ' 
low specific gravity is of itself no proof of the absence of' 

117. Diabetic urine has usually, after standing a short 
time in a warm atmosphere, a white scum, somewhat re- 
sembling flour, on the surface, consisting of minute crval- 
shaped eonfervoid vesicles (132), which is highly cbaractep- 
istic of the presence of sugar, and occasionally lea^la to iti 
detection before it has been secreted in sufficient abiuidaiioA 
to raise the specific gravity of the urine to a sospicionl 
extent. 

118. This variety of urine is usually paler than ti* 
natural secretion, and frequently posaesBea a faint gT^enisll 
tint. It is most commonly shghtly turbid. When fi^sb, 
it has a faint and rather agreeable odour, somewhat resem- 
bling that of hay. 

119. The proportion of urea in diabetic urine is uauBUj 
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much smaller tlmn that found in the heftlthy seerelion -, but 
whether the absolute amount secrnttid differs materially 
from the normal average, or whether the apparent deficiency 
is merely owing to the large qoantitj' of water passed by 
diabetic patieuts, ttus largely diluting the urea, has not 
yet been aatiBfactorily decided, owing to the difficulty of 
correctly estimating tne quantity of urea when mixed with 
any considerable amount of sugar (334). 

120. The proportion of sugar in diabetic urine varies from 
a mere trace, to from fifty to eighty parts in 1000 ; and has 
been known to amount to as much as 134 parts in 1000, 

121. Several tests have been proposed for the detection 
of sugar in urine. Of these, the foUowing only need here 
be noticed— viz., Tivmrner's test, Moore* test, the ferm^n- 
tation test, and the test afforded by the growth of a micro- 
Heopic confervoid vegetation, oalled the tarula, 

122. Trommer'a test. Tlds excellent test is founded on 
the circumatanoe, that when a solution containing diabetic 
or grape sugar (112) is boiled with a mixture of potaali 
(KO) and sulphate of copper (_CuO,SO^, the oside of 
copper {GtiO) contained in the latter becomes reduced to 
the state of snboside (CujO), which is precipitated in the 
form of a reddish brown or ochre-coloured granular powder. 

123. A little of the urine suspected to contain sugar is 
placed in a tolerably large test tube, and mined with a drop 
or two of a solution of sulphate of copper, which should be 
added only in sufficient quantity to give the mixture a very 
pale blue tint. This will probably cause a sbght precipita- 
tion of pale blue phosphate of copper, owing to the presence 
of soluble phosphates in the urine (40) ; this, however, need 
not be regarded, as it will not aflorwards interfere with the 
indications of the test. A solution of potash is now added 
in large eseess,* or in quantity equal to about half the 
volume of urine employed ; this will first throw down a 
pale blue precipitate of hydrated oxide of copper (CuO,HO), 
whieb, if sugar is present, will immediately redUsolve, 
forminf^ a purplish blue solution, something similar to that 
oaosed in averydilutesolutionofcoppcr by ammonia (797). 

124. The mixture is now to be carefufly heated over a 
lamp, and gently boiled for some minutes ; when, if sugar 
is present, a reddish or yellowish brown precipitate of sub- 
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oxide of cop]«r (Cu.0) will be depogited in the liquid. 1{ 
DO sagar is preseat, a black precipitate of the common 
oxide of copper (CuO) will be tHrown down, totally diBtinct 
in appearance from the auboside. It ia important, in this 
expenment, not to add too mnch of the Bnlphate of copper, 
because, in that CAse, the saboxide might be ini\ed with some 
of the black oxide, (the sugar being capable of reducing only 
a certain definite qnantity.) which would more or less mask 
the charaetcriatic colour and appearance of tiie suboxide. 

125. This test is extremely delicate, and is capable of 
detecting very smaU traces ofaugar in the urine. 

126. Moore's test. Mix a Httle of the suspected urine 
in a test tube, with about half its volume of liquor potasssi, 
and boil the mixtnre gently for about &\e minutes. If 
sugar is present, the hquid will assume a brownislk at 
bistre tint ; while little or no heightening of colour takes 
place when tlie urine is iree &om saccharine matter. 

127. Fermentation test. This is perhaps the most 
valuable test for sugar which we posseBB, smce it is not 
only capable of detecting it when present only in minute 
quantities, hot also suppUes a method of estunating tiie 
proportion contained in any specimen of urine. The mode 
of employing it in the quantitatire determination of sugar 
will bo described lurther on (333). When used merely w 
a qualitatiye test, to indicate whether sugar is or is not 
present, the following is the simplest way of applying it. 

128. rm a test tube with the suspected urme, Earing 
previously mixed with it a few drops of fresh yeast, or stifl 
better, a little of the dried German yeast ; t-IoBe tie opal 
end with a small saucer or evaporating dish, and while 

gently pressing the latter upon the tobo, 
mvert them, when they will he in. tha 
position shown in the figure (Fig. 14). 
A httle more of the urine is then poured 
into the saucer, in order to prevent the 
escape of any of the hquid fi-om the tube i 
and if any bubbles of au- have accidental^ 
been allowed to enter, the exact height of ' 

(L„ ™ p j*u„ i: — :j :_ a-lt .. i_ 
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paper. The tube, 
I then set aside i 



filace, having a temperature of about 70° or 80°, for twen^- 
our houTB. As bubbles of gas are sometimes given off by 



the yeast itself, it ia a good precaution to put the sauie 
([nimtity of yeast into a second tube of equal size, and fill 
it np witli pure water. The amount of gaa, if auy, derived 
from the yeast, will thus he rendered apparent, and may 
afterwardfl he deducted from the volume of gaa in the tube 
eontainina the urine. 

129. Ifsugar ia present it begins almost immediately to 
nndergo the vinouB fermentation, by which it becomes con- 
verted into alcohol {G^S^O,HO) and carbonic acid (CO„), 
each equivalent of sugar giving rise to the formation of two 
equivalents of aleohd, tour of carbonic acid, and two of 
water ; thus r — 

C,j-H',.0„=2{C,ajO,^O)-|-4CO,+2fl"O. 
The carbonic acid thus formed rises in minute bubbles, caus- 
ing gradual and gentle effervescence. andcoEects in the upper 
part of the tube, at the same time displacing the hqnid, which 
escapes throueh the open end of the tube into the saucer. 

130. That file gas thus formed ia really carbonic acid 
may be proved by decanting a little of it over water into a 
clean tube (Prac. Cliem. 16), and testing it with lime-water, 
which will instantly become milky, owmg to the finrmatiou 
of tlie insoluble carbonate of lime (CaO.CO,). When the 
quantity of sugar prMent is at all conHiderable, the urine, 
after fermentation, will be found to posaeaa a f^t vinoufl 
amell, due to the ^cohol formed during the process. 

131. If, on the contrary, the urine is free from sugar, of 
course no fermentation will take plaue, and no gas will be 
formed in the tube. 

133. 2fe«( i^orded h^ the grotcth of the torula. During 
the process orthe vinous fennentation of a hquid containing 
sugar, a dehoate white scum gra- 
dually coUeoU on the surft^o, is. ^i j^ g e 
which, when seen merely with the ^ g 'ifL yi^ 
naked eye, is so highly character- 5t^ JsW * 

iatie an wdication of the presence ** 4^ KK^ ^ 

of Bugar, as frequently to lead to H * A jr^ 
its detection when present only in " -' ^ •aJ'rf 
very small quantity. If a little of 
this scum be eiammed under the 
?% with a magnifring 
._ .f foiir or five hundred 
diameters, it will be foimd to 
consist of minute oval vesicles 
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number of oval vesiclea, 
eventaally Beparst^, and fall td 
the bottom, where they may bo 
detected by microscopic 



Urine contaimng Albuiaen. 

133. Thia subfltance, wbich is eontainod, as is well known, 
n large quantity, in mauy of tlie tjaauea of the body, and, 

espensUy in the serum of the blood (466), is not unfi»-' 
qnently present in morbid urine. Albuminous urine 
very considerably in apoearanco and general charactoil), 
being found alkaline, acid, and neutral ; high coloured, bii£ 
pale ; of bi^h specific gravitf • and the coutrarj ; so tliat 
no general rule can be laid down as to its usual phyricd 
peculiarities, Ukcly to lead to its detection ; thongh., when; 
its presence is once suspected, its detection is eaay 
simple (139). 

134. The quantity of albumen found in urine raries tmJ 
much, a mere trace only being sometimes present, and « 
Others as much as ten or twelve parts in 1(KX). 

135. The most remarkable property of albumen u. Out 
when a solution containing it, is heated to a temperature fir 
about 170°, or higher, it coagulates, and scparatea Qfa 
pletely from the Squid ; sad when this cbange has on 
taken place, it becomes quite insoluble in water. Hm 
ooagulated. albnmen is readily soluble in potash and otlME 
alkaline solutions ; and when an excess of alkali is presiBiill 
no coagulation takes place on boiling. 

136. Albumen is precipitated from its solution by b 
and hyiocliloric acids, but not by phosphoric, acetic, l_ 
tartaric acids, which, indeed, appear to exercise a de<nda2 




solrent action jipon it, and, when prcBent, prevent its 
coagulating on tiie application of heat. 

137. It 18 also readily precipitated, even from an acetic 
acid Holution, by feirocyanidc (XjjJfeCfe+a.dg) and fer- 
ridcyanide IK^Fe,C;ffg} of potaaaiimi i and the precipitatea 
thus formed, as alao the coa^ated modification of albumen, 
are easily aolnble in alkaline aolutiona. 

138. Bichloride of mereury (HgCl^), alum {Al,0,,W03 
+ XO,S03+24ulj), and many of the other metattic aalta, 
alao cause preciptatea in albuminous solutions, which are 
probably deiinite compounda of the acid and base of the 
salt with albumen. It is precipitated, too, by alcohol, 
creoaote, tannin, and many otlier substances. 

139. The detection of albumen in urine contMning it is 
very easy. The suspected urine may be gently boded in 
a teat tube, when, if albumeii is present, it will coajnilat«, 
and form a more or leaa eopioua white precipitate. If the 
albumen is present only in minute quantity, it may cause 
merely a dehcote opalescence ; or, when in larger quantity, 
it may separate in curdy flates ; and if very abundant, may 
cause the liquid to gelatinize, aud become nearly Bohd(142j. 

140. The appearance of a white precipitate on boiling is 
not, however, of itaelf, a butb proof of the preaence of 
albumen in urine, since a white precmitate is also produced 
by boiling, wheu the secretion, &ee m)m albumen, contains 
an escess of earthy phosphatea (49a). It is therefore 
neceasary to add a few drops of nitric acid, which, in 
case the precipitate consists of phosphates, immediately 
rodiasolvea it, hut if albuminous, leaveH it still insoluble. 

141. To prevent the poaaibihly of error, it is always 
advisable to test a separate portion of the urine also with 
nitrio acid, by which tlie albumen, if present, will instantly 
be thrown down. If the quantity of albumen is very small, 
it is possible that the niilkiness first caused by the acid 
may disappear ; but if a few drops more of the acid be 
added, the precipitate will again separate, and remain 
inaoluble. If both heat and nitric acid cause a white 
precipitate, there can be no doubt of the presence of 
albumen. 

142. In teatinff for albumen, it must be borne in mind 
that if the liquid is alkaline to test paper, the albumen, 
though present, will probably not be coagulated on the ap- 
pUcation of heat, since coagulated albumen is readily soluble 



in alkaline Bolutiona (135). On tliis account tie urine 
should first be eiamined witli turmeric or reddened liUnni 
paper (277), and, if found to be alkaline, neutralized yn& 
nitric acid before boiling. 

143. It should alflobe remembered, that when the aJbn- 
men is present only in amoU quantity, the addition of s 
very shght eineBs of nitric acid may redisBolve it, and thu 
lead to the supposition that the precipitate is phosphatie. 
A few drops more of the acid, however, will instantlf esnw 
it to reappear, if albuminona ; while, if really phoBphatav 
no eiceas of the acid would cause it to do so. 

144. The pecuhar easts of urinaxr tubes, found in the 
* e of palientH Buffering from Bricht's disease, consisting 
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. and entangling blood 
corpuscles, epithelium, and 
fatly globules, lun-e uaualbf 
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Urine coidainiiiff Blood. 

145. Urine frequently contains, in addition to albumen. 
one or more of the other constituents of the blood (450), 
and ia often more or less highly coloured red or brown, bj 
the presence of the corpuscles and red colouring matt^- 
"When the fibrin, in its soluble form, is present, it uaiMlly 
coagulates spontaneously on cooUng, and causes the nrine 
to become more or less gelatinous soon after it is passed. 
This spontaneous coagulation on cooling, may ' 
aidered of itself sufficicat proof of the presence of the fihnft i 
of the blood. 

140. The blood corpuscles may generally be dei«cted ,J 
both in the eoajpduni, and also in the superincumbent ft "" 
when examined under the microscope (451) ; occasions. 

■wever, they arc almost entirely dismtegrated, so that li._ 

. _ no trace of their characteristic form remains. They bl, _ 

sometimes found adhering together, forming little thread"-^ 

iggregtttions i but more frequently floating detached ' 
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from each other, lookmg like little 
trftasparent rings (Fig. 18). 

147. In urine containing blood, 
the Hlbunien may in all eaaes be 
readily detected by the teatB al- 
ready mentioned (X39) — viz., heat 
and nitric acid ; but when any of 
the colouring matter of the blood 
is also present, it will eoaffulate 
with tbc albumen, giving too co- 
agulum a more or lees decided red 
Of brown colour. 
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Fi8, la Blood ii 



UriTte containing Biliaiy matter. 

148. When biliary matter is preBent in urine, it gene- 
rally gives a more or lesa detided yellowieb brown colour, 
both to the liquid, and also to any sediment that may be 
deposited from. it. The taate also of such urine is remark- 
ably bitter ; a peculiarity which fumiahea a ready indica- 
tion of its presence when other testa are not at liand; though 
it must not be implicitly reUed on, since small traces may 
eriat in the secretion, without communicating to it any very 
decided taste. 

1'19. Pettenkofer's test. Perhaps tiie beat tost for the 
presence of bile is tliat known as Pettenkofer's. If the 
urine contains albumen, it should first be freed ttam that 
substance by coagulation and filtration (135, 161) ; because 
albumen, oticu present in considerable quantity, would 
give, with aulpiiuric acid and sugar, a colour resembling 
tiat caused by bile. A httie of the suspected urine is mixed 
in a test tube witli about two-tlurds its bulk of strong sul- 
phuric acid, which must be quite free from Bulphurons acid 
(SOJ, since the latter would, if preaent, tend to destroy 
tie colour, and thus prevent the proper action of the 
test. The sulphuric acid should be added cautiously, drop 
bv drop, in order to prevent the evolution of too much heat, 
since at a temperature of about 140°, or a little higher, 
the characteristic colour is destroyed. A grain or two of 
sugar, or of syrup, are now added to the acid hquid ; and 
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^^^H the mixture ia shaken, and allowed to Btand 
^^^^ If bile is present, the liquid wiU gradually assume a mora 
^^^^ or less intense red colour, with a tinge of violet. The cause 
^^^H of this change of colour is not clearly understood, but it 
^^^H appeBTH to be occasioned independently of the biUphsin or 
^^^B colouring matter of the bile, since it ia producea equally 
^^^B with decolorized bile. It must he borne in mind, tnat in 
^^^B liquida containing a considerable quantity of solnble 
^^^H chlorides, the colour produced by this tost ts less bright 
^^^H and more approaeliing to hronn. 

^^^P 150. WLen the quantity of bile is small, it is advisable, 

^^^ before applying the test, to concentrate the urine by eva- 

' poration. Por this purpose it is first boiled, in order U> 

coagulate any albumen that may be present (151), and 

afterwards evaporated nearlj^ to dryness on a water bath. 

^^^^ The residue is men treated with a small quantity of boiling 

^^^^ water or alcohol; and the solution thus formed, containing 

^^^H any biliary matter that may bo present, is mixed, vlum 

^^^H quite cold, with about one-third its bulk of strong sulplinrift 

^^^H acid, ohsercing the precautions already mentioned {140): 

^^^1 and afterward with sugar; when the cbaracteriatic red 

^^^H colour will appear, provided any bdiary matter is preBonk 

^^^P 151. The e:cperiment known as Seller's test is mode U 

^^^T follows. Mix with a httle of the Buapected 

^^^ drops of the serum of blood or white of egg, or of any lii 

containing alburaen in solution ; and havmg shajien t 

well togemer, add a slight excess of nitric aHd, which. 

cause me precipitation of the albumen (136). If bile it 

present, the coagiilum thrown down by the acid will havd 

a more or less distinct dull green or bluish colour, quitV 

different from the white or pale fawn colour which it WOnUI 

otherwise be. When only a small quantity of biUujt 

matter is present, the unne may be concentrated, m nt 

Pcttenkofer's teat (150), the aerom or white o" _^^ " " _ 

subsequently added to the concentrated aqueous" Bolntkn 

of the evaporated residue. 

153. The following teat may also be employed in p 
tie presence of bile m the unne. Pour a few drops 
suspected urine upon a clean white plate or dish, si 
form a tliin layer of the hquid, and tlien carefully add t 
drop or two of nitric acid. When bile is present in ai^ 
considerable quantity, the liquid becomes suecessiTelj- piM 
IfTeen, violet, pink, and yellow, the colour rapidly changiBg 



as tte add mises with the urine. When tltc bile is present 
only in small quantity, these colours are not distinctly 
visible; butunleea tie proportion is very minut«, b L'reenish 
tint ia generally perceptible, On eoneentrating the urine 
by evaporation, the appearance may be seen to greater ad- 
vant«f,'e, when only small traces of bile are present (150). 
The action of this test appears to depend ou the presence 
of the peculiar brown colouring matter of bile, called bib- 
phffiin. 



ZTrine cantaining Pua. 

153. PiiB IB ft substance which in many respects closely 
resembles mucus, both in its behayiour with reugents, and 
still more in its appearance under tie microscope ; so that 
it IB not always easy to distingimh between them ; and when 
mixed together in flie urine, it is frequently quite impossible 
tosaywidi certainty wlietderor not both are present. Like 
mucus, it consists of minute round or oval granular cor- 
puscles (Fig. 19), floating in the fluid, 
from which they separate on. standing, .-^ ^a 

and gradually sink to the bottom, r-^** 



^% 



Thi 



itaimng pus, 
pale greenish yellow or cream-co- .^ 
loured layer, at the bottom of the >^ IS| ^ 
fluid ! and if shaken, the sediment 1^ o^ rsx -y. 
readily breaks up, and difiiises itself ^ *£» *^ 

through tJie hquid, again gradnally 
Bubsiding to the bottom when allowed ^2? IP" c^'.iPi^""' 
to stand. 

154. Urine containing pus ia met with sometimes neutral, 
acid, and alkaline. It mways cont^s albumen in solution, 
which may be recognised in the filtered urine, by the usual 
tests, heat and nitric aeid (139). This albumen is derived 
from the liquor puris. in which it is always _preaent (254, 
677). The absence of albumen, therefore, m the urine, 
may be considered as a strong indication of the absence of 
piis ; though tie presence ofalbumen is of itself no Idnd 
of proof M the existence of pus, since it may be derived 
from other independent sources. Traces of blood are by 



I ^ht 
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no meanB imfrpquent in purulent urine, giving the sediment 
a brown or reddisli colour (145). 

155. The chemical and microscopic charactere of 
and the modes of distinguiahing it from mucus, *' 
more fiiUy described further on (247 to 258, 674). 

156, The peculiar granular corpuscles, whidi liave been. 
called large organic globulet, and 
which are not iin&ec[aentlj met 
with in certain conditions of thff. 
urine, especially in fhat of pregnant 
women, closely resemble the coP' 
puscles of mucus and pus ; being 
granular on the exterior, and oa 
me addition of acetic acid, develc^ 
internal nuclei. They arc, however, 

Laije orjanio larger ; and are unflceompanied by 

lea. maflQifiod ti,g albummous and riscid flnida, 
which are characteristic re8peo> 
i (676, 661). Theh' general appear- 



^ 



Isl, 



tivdy of pQB and muc 
ance is ehown in %ui 
157. The smaU ' 
which have bee 
though much more rarely, found 
certain morbid conditions of the 
secretion, and called email organic 



rculflr bodies, 



on the surfs, 
granular structure bemg apparent, 
and considerably smaller than the 
large oreanic globules (156). They 
are un^ected by acetic acid. 




lall orgflais glc'bulai- 



Uriite containing Fat and Chylous mai/er. 

158. Urine containing fatty or chylous tontter is usnallj 
more or less turbid, and frequently has an almost nulkr 
appearance. Little is knonn as to the precise nature of 
the fatty matter which is thus occaaionallT met with in 
urine, though it ia probable that its composition varies witii 
the circumstances imder which it ia formed. It sometimea 



ensla associated with albumen and chyloiu matter, some- 
times alone. Numerous minute oily globnlea may in many 
n under tte miero«cope (325), but it la often eo 



;ope(g2 .. 
intimately mixed with the aJbummoua matter alao preeent, 
forming a kind of emulsion, that no trace of oily gtobulea 
can be detected, even with a hi^h magni^ing power. In 
aneh eaaea, the urine may be agitated with a uttle ether, 
which will dissolve the fat ; and tlie etterial aolutioa thus 
formed will separate irom the watery liquid, forming a 
distinct stratum floating on the surfaee. if the etherial 
solution be evaporated at a gentle heat, the fat will be left, 
and may be readily reeogniaed by tLe physical pecnliarities 
of fatty Bubatancea ; auch as immiBCibuity with water; 
breaking up into minute globules when agitated with, hot 
water, &c. 

Chylous urine frequently contains minute romid corpus- 
cles, resembling the wMto globules of the blood or lymph, 
which, at first sight have a good deal the appearance of od 
globulea, for which they have probably been in some eaaea 
mistaken. Their insolubility in ether, however, shows that 
they are not always eompoaed of fatty matter. 

169. Thepeculiarformofmucilagincnjaorcaaeousmatter, 
usually present in the urine of pregnancy, and which has 
receivea the name of Kiestein, gives the urine containing 
it a eloudy appearance ; and after the lapse of a few days, 
gradually forme on the aurfa<» a more or less shining pel- 
Bole, which in three or four days, aa the urine becomes 
ammoniacal, breaJcs up into minute particles, which subside 
to the bottom. When examined under the microscope, 
the peUicle is found to consist of minute granular particles, 
usually mixed with great numbers of prismatic crystals of 
triple phosphate (44), te which latter the peculiar shining 
appearauee, aomewlmt reaembUng spermaceti, seems to be 
due. A few globules of oijy matter, resembling butter, are 
alao occasioQuly present. 



Urine containing Semen. 

160. When semen is present in urine, it may easUy be 
detected underthe microacope.bythe appearance of minute 




animalcnleB, always found in the apermatic fliiid, and lience 
" ' ' "" 8 or leBB oval ijj form, 

and are furmshed with 
long and delicate tails, 
oa sliown in Fig. 22. 
These BpennatOEOtii 
while in their natiye 
fluid, enjoy an aotivft 
esBtencSi and move 
about at will. In urine, 
liowever.unlessa consi- 
derable quantity of puB 
ia also present, they are 
never found alive, the 
Becretion proving appa- 
rently fatal to tfiem. 
161. In addition to tie Bpermatozoa, there may gene- 
rally be recognised in seminBl urine a few minute granular 
oorpuaclea, of a round or ova! form (a, Fig. 22), and rather 
larger than tlie bodies of the aniroalculcx. Traces of alba< 
men also may generally be detected in urine containing 
aemen (264). 



Urine containing Oxalate nfLime {CaO,C50j+2AqJ. 

162, Urine containing oxalate of lime is usually, thongli 
by no me^iB always, oi a dark amber, and oilen of a piue 
greenish, or eitrou colour. It is in most cases decidedly 
acid to teat paper, and is frequently found to contain, an 
tmusuallv large quantity of epithelial debris. Its specifio 
gravilj la not often materially different from that of the 
healthy secretion — viz,, about 1020. 

163. Oxalate of lime appears to esist very frequently in 
urine, generally in the form of minute and well-defined octo- 
hedral crystals (Fig. 23) ; but unless carefiUly looked for, 
it may readily escape detection, owing to the crystals, whidi 
are very transparent, having almost exa^^tly the same refrac- 
tive power as the urine itseli, so that it is not always easy 
to tUstinguiBh them tm they float in the liquid. The cijstou 
have also nearly the same specific gravity as urine, in con- 
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Beqnence of which, they generally remain Buaponded in the 
fluid some eonaiderahk time, before they form a Hedimentaiy 
deposit at the bottom of the containing ressel. 

164. The best way of detecting tuem is to allow the 
urine snspeeted to contain them to stand a few houra, that 
tlie oxalate may, in some measure, subside -, though fre- 
quently it remains several days without doing so com- 
pletely, in whieh caae the urine may be passed through a 
filter, when moat of the cryatals will be retained by the 
pftpor, and may be WMTued with a little distilled water, in 
the manner described below (165). The greater part of 
the liquid is then careftilly poured off, and the lower 
stratum ia placed in a watch-ghuaa or smiJl porcelain diah, 
and gently heated over a himp. In this way the hquid 
will become ffpecificaUy Ughter, and in conaequenee the 
cryatals. if present, will gradually subside to the bottom, 
especially if a alight rotatory motion he given to the Hquid. 
It ia now allowed to stand a few minutes, and the clear 
liquid is careftilly poured off, or removed by means of a 

165. A little djetUled wat«r may now ho added, when 
the sediment will become much more distinctly visible, 
owine to the refractive power of the water differing more 
decitfodly from that of t£e cryatala. The mixture is again 
healed, when any urate of ammonia, wliich is often also 
present, will be dissolved ; and by pouring off the hquid, 
after standing a few minutes, the crystals will be left at the 
bottom, and may he removed for the purpose of microscopic 
eiamination, or for testing with reagents. 

166. Oxalate of lime, as found in the urine, is usually in 
the form of beautifully defined octohedral crystals (Fig, 33), 
of sizes varying from 



ter. When examined 
with polarized light, 
these octohedra will 
be found to have 
Uttle or no action 
upon it, and remain 
invisible, or nearly 
BO, when the field is 
dark. 
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n " ^^ ui tlic tientre a small white ecmare 

^y fc rt opening, as shown ill figure 24. Tliis 

^^ 4Jfc^ furious appearance ia owing to the 
rays of lignt, flfom the greater part 
of the * " ■ - ■ ■ ' 



'^ 



167. "Wlicn allowed to dry upon the glaas, eacL crystal 

appoars under the microBoope, eepe- 
jk P^ ciaJly if the magnifying power ia not 

^^ D "j* very high, like a blaok cube, having 

"y ^^ in tlie centre a amall white e 

oneninff. as shown in .-^- 

I owing to the 

ho greater part 

t the crystal being refracted beyond 

the field of vision. On again moiBt- 

Fig w. Ootohedra of ening them, the oryatala reappear 

oxalate oi iimo, g^ before ill their true octoiiedral 

■"""'"'*' form. 

168. Oxalate of Unie is not unfreqnently met with in tJie 
urine, having llic forms shown in figure 25 more or less re- 
Bembling dumb-bells, with finely striated Burfaces. Thia form 
of oxalat«-of-lime sediment, unlike the ^^ 
octoLedral variety (166), appears bcauti- ^ ^^/qis\ 
fidlTColouredaiidBtriatedwhenexamined QP ^_ Slw 
witn. polarized hght. If these " dumb- yn jjr 

bells be kept in any liquid medium for a O^ ^^ ^'^ 
length of time, they gradually pass into _. /^^ \^ 
octohedra, which ia their more natural ^^ ^ 

form ; so that when it is wbhod to pre- ^fc 

serve the dumb-bells, tJiey should be put ■^. ^ Dumb-tieUs 
up in balaam, in which they will con- ofoialate of lime. 
tmue to retain their peculiar form. |l 

169. Oxalate of lime is readily soluble, without eSer- j 
vescence, in dilute nitric^ and hydrochloric acids, from 
which it is again thrown dowu ia the form of a white pre- 
cipitate, whea the acid solution is neutraliTcd with ammonia 
or potash. 

170. It is iasoluble in both cold and hot water ; aleo in 
acetic and oxahc aeida ; and in solution of potaah. , 

171. When gently ignited before the blowpipe, it under- | 
goes little or no blackening, and becomes converted into i 
carbonate of lime (CaO.COj), which, when treated with 
dilute hydrochloric or nitric acid, disBolves with eflerves- '' 
cenoc (399). The solution thus obtained by dissolving tiie ] 
carbonate in acid, gives, when neutralized, a white precipi' 
tate with oxalate of ammoDia, but none with ammonia. If i 
the oxalate be kept intensely heated for some little tima I 
before theblovrpipo, the carbonate itself ia decomposed, and I 
cftustio Ume is formed (402). 



Urine containing Cystine (C.NHjOjSJ. 

172. Cyatine has occaaionaily, though but rarely, been 
found both as a crystalline deposit in urine, and also in the 
form of small calciiK ; in one of which latter, it tthb first 
discovered by Dr. Wollaaton. A de- g, 
posit of cystine, when examined under ;^i ^ («S) 
the microaeope, usually appears as a "^J ?' ^-^ 



mmute irregularly formed ij) ~ faS^ 

crystals, having the appenranee shown ffl '^ v^' 
in figure 26. To the naied eye, the ^ ,---. 
deposit has a good deal the appearance 'S\ (®/ i 'Si 
of pale fawncolouredurateof^ ammonia '- '^^""^ 

(93), from which it may be readily dis- -n", ng n 
tinguished by being insoluble, or nearly '' '■•7'™^^- 

so, in warm water, and consequently not disappearing 
when the urine containing it ia gently warmed (94)- 

173. One of the moat (Siaracteristic properties of cystine 
is the readiness with which it dissolrea in ammonia. If a 
little of the ammouiaca] solution, thus fomtcd, be allowed 
to evaporate Bpontaneouidy on a shp of glass, the cystine 
is deposited in minute hexagonal crystals, having the form, 
and appearance shown in figure 37. It must be remem- 
bered that, occasionally, chloride of sodium crystallizes in 
octohedral masses (Fig. 28), which in some positions may 
have at first sieht veiy much the appearance of cystine. 
The ready solubility of the chloride m water is, however, 

® o 

Tit. 27 CvfltinB cTya. Fifl. BB- C^rtala of 

teUizsd froiB an am oEloiJdo of sodium. 
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Bu£Bcient to prevent audi a iniatnie. The crystals of 
cystine, too, when examined with polaiized hght, appear 
beautifolly coloured, vinlesB verf tnick, wliich is not the 
case with chloride of aodium. The trianpilar cfyBtala of 
triple phoflphate (44), which in some positions somewhat 
reaemble cystine, may be at once distiDfj^nished by their 
ready eolubility in dilate acida (49, 174). 

174. Cystine ia insoluble in a solntioii of carbonate of 
ammonia, but soluble in the fixed alkaline carbonates. It 
is veiT sparingly soluble in water, even when warmed, and 
insoluble, or nearly so, in alcohol. In acetic a<7id it it 
- -I dilute nitric and hydrochlor" 






I 



insoluble, and also _, 

If, however, either of the two latter acida be 

trated state, a httle of the cystine will be found to disBolve. 

175. Urine containing cystine lias usually a somewhat 
paler colour than the fealthy secretion, with occaaionally 
a ffreeniBh tint. Its specific gravi^ is moat commonly 
rather low. It may generally be distmguished, when feesb, 
by a peculiar nud alightJy aromatic smell, a good deal 
resembling tlat of sweet brier : this gradually gives place 
to a ftetid, disagreeable odour, owing to the occurrence of 
putrefactive decomposition. 

176. Cystic urine is, in most eases, slightly turbid when 
passed, and becomes considerably more so as it cools, the 
cystine being less soluble in the cold liquid. A small 
quantity of flie cj^stine, however, is still held in solution, 
and may be precipitated by adding a httle acetic acid to 
the filtered urine. 

8BDTION SIS. 
Urine containing Iodine and other foreign matters. 

177. "When the compounds of iodiae, as the iodide of 
potassium, are taken internally, tt is generally found tbat 
nearly the whole of the iodine is carried off by the kidneys, i 
and may be detected, in some form of combmation, in uie 
urine. It may readily be identified by adding to the | 
secretion a drop or two of nitric acid or chlorine water, 
and then testing with a solution of starch j when, if iodine 
is present, the liquid will assume a more or less intense 
purple colour, owing to the formation of ' " ' 
(807, 810). 

1 ''H, Many other substances, taken into the system either 



03 food or medicinallT, pass into the urine unehanged, and 
may frequeotJy be oiBtinguished by their pe«iliar proper- 
ties. This IB especially the case with many of the vegetable 
colouring matters, aa thoae of indigo, madder, beetroot, 
gamboge, logwood, &c. Some of these may occasionally 
give rise to the auapicion of the presence of blood, but their 
real nature may generally be ascertained by examination 
under the microscope. 

179. Besides these colouring matters, various other sub- 
stances, both organic and inorganic, are occasionally found 
in urine. Thus, when any mctalhc preparation hn.B bceu 
taken internally, traces of the metal, m some gtat« of com- 
bination, may uBually be found. The inorganic, and some 
of the orgamc acids also, are frequently to he detected ; 
though, when neutral salts of the latter have been token, 
carbonates of the bases are more usually found. In addition 
to these, the odorous principles of many vegetables appear 
to pass off unchanged in the urine, where they may often 
be recoguised by their peculiar smetl. 



nElBE SUSPECTED TO 
PEOPOBTION OF 
SOME OSK on MOBE OF THE TTSUAL INOBBDIESTS, 
OB BtSB SOME ABNOHMAL MATTEE, 

180. It oftfin happens that, owing to some peculiarity of 
colour and appearance, either of the hquid or sedimentary 
portion of morbid urine, or from some other circumstance, 
such aa its high specific gravity, wo are led t« form some 
conjecture as to its real nature. When such is the ease, 
one or two well-selected esperiments, such as those about 
to be described, will generaUy be found sufficient to decide 
whether or not the suspected peculiarity really exists. 
When, however, the observer is unable to form a tolerably 
strong opinion as to the nature of the urine he is about to 
examine, he had better proceed to test it according to the 
directions given in Chapter VI. 
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Examination of Urine- taipected to contain Urea 
ia abnormal quantity. 

181. WlienthepreBenceof an escess of urea is suspected, 
either on account of the high specific gravity of the nrins 
(301), or from any other cause, a. drop or two of the liquid 
should be placed on a. slip of glass, and mixed with about 
an equal quantity of pure colourless nitric acid. If the 
urea is present in large excess, there will probably be a 
deposition of minute rhomboid^ 
crvatals of the nitrate in the course 
of a few minutes (Fig. 29), and if 
no trace of crystaUization ia Tiai- 
ble to the naked eye, the mixture 
E should be examined under the 
s microscope. If no crystals appear 
f in the course of half an hour or 
an hour, a few drops of the nriae 
may he slightly concentrated by 
evaporation on a shp of glass, at 
a gentle heat ; and when cool, 
mixed as before, with an equal 
quantity of nitric acid. Ciystida 
of the nitrate will now' separate, 
if any eoDBiderable quantity of 
FiA SS Nitiata of ™^* "^ contained in the urine ; 

"™*" and, from the rapidity with which 
the crystals form, together with their abundance, the 
student will be able, after a httle practice, to form a 
tolerably accurate opinion as to the relative amount of urea 
present in the urine. If a microscope is not at hand, 
the experiment may be made, though leas delicately, 
without it. 

183. It must be remembered that variations in the 
atmospheric temperature afiect the crystallization of thia 
BoIt very materially; in cold weather, a specimen of urine 
will consequently often be found to afibrd an abundant 
crop of crystals, which, in warm weather, would fumiBh 
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Etlle or none. For this reason it is often advisable to oool 
the mixture artificially, by immersing the glaas containing 
it either in oold wat-er or a frecKing mixtnie ; which latter 
may be readily made by mixing a little pounded nitrate of 
ammonia with an equal weight of water. 

183. If it is required to aacertain the abaoluto quantity 
of urea present, 1000 graina of the urine may be evaporated 
to dryneBB on a water bath, in a counterpoised porcelain 
dish, ajid the residue treated m the manner described in 
paragraphs 52 to 5G. 

184. When it is suspected that the iirea is present in 
smaller quantity than in the healthy secretion, or is even 
altogether absent, 2000 grans of the urine are to be 
evaporated to dirnoss on a water bath, and the dry residue 
well stirred with sTicoessive am^ quantities of alcohol, 
which will dissolve any traces of urea that may be present. 
The alcoholic solution is then to be evaporated to dryness 
on a water bath, and the reaidue which it Icavea is then 
treated in the manner deacribed in poragrapha 341 and 342, 
in order to separate the whole of the urea, which may, if 
necessary, bo weighed. 



^^^ SECTION 11. 

^^^^LUxaminalion of Urine futpeuted to contain Xfric 
T^^r ("^ Lilhic) Acid in abnoT-mal c[uantUg. 

185. Wlien nrino is snapccted to contain an excwss of 
uric acid, it may be examined in the following manner. 
Pour off the clear hquid from any solid deposit that may 
have subsided to the bottom, and retain both the solid and 
liquid portions for examination. 

186. A htde of the sediment is placed on a shp of glass, 
and examined under the microscope ; when, if uric acid 
is present in it, either alone, or mixed with the amorphous 
or rounded partieloa of urate of ammonia (193), or other 
matl^ra, it may be distinauished by its peculiar orvstalline 
forms, most ot the modifications of which are snown in 
the annexed figure (Fig. 30). 
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187, If tie Bcdiment 
consists of uric acid, it 
will prove insoluble when 
the lnjuid is warmed. If 
urate of imunonia is also 
present, however, the lat- 
ter wUl readily dissolve 
on the apphcation of 
heat (192), Icftvmg the 
CTTstallme una acid im- 
aflected. 

188. Urii! acid sediment 
is inswluhle in dilute ly- 
drochloric and acetic acioB, 
but dissolves readily in & 
solution of potaah, owing 
to the formation of the 
Boluble urate of potash 
(22). 

189. "When uric acid is 
moistened with a, little 
tolerably strong nitric 
acid, and the residue, 
after evaporation at a 
gentle heat, is treated. 
when cold, with a drop of 
two of ammonia, or ex- 
posed to ammoniacal 
Aimea, a beautiful purple 
colour is developed, owing 
to the formation of mra^ 
e»de (23). 

190. The clear urine, 
separated from the vxiA 
acid sediment (186), being 
still saturated with thS' 
add, the latter may he' 
fijadually precipitated Im, 
adding a few drops oSe: 
nitric or hydrochloric aoid« 
The uric acid thus pre* 
cipitated usually haa the 
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cryBtaHine formB ahowa in the upper and middle part of the 

191, When a deficiency of uric acid ia Buspected, the 
beat way of aaeertaining whether or not Bucli is the case, is 
to filter one or two thousand grains of the urine, in order 
to separSite the mucuB and any other BoHd matter which it 
may contain, and which may be aeparately eiamined for 
uric acid under the microHCOpe (186), or with nitric acid 
and ammouia (189). The filtered urine iB then evaporated 
nearly to dryneBS, on a water hath, and the residue 
digested with dilute hydrochloric acid, containing one part 
of strong acid to eight or ten of water. Any uric acid that 
may be prcBent will thus be left undissolved, and may be 
examined under tlie microscope, or otherwise; and, if 
necessary, weighed, after being first dried at a temperature 
of 312° on a water bath. 



" 



iXaminalum q^ Urine suepecfed to contain an excess of 
UraU (or Lithale) of Ammonia. 

192. "When a sediment is Buspected to consist, either 
wholly or partially, of urate of anunonia, a little of the 
urine containing it is to be wanned over a spirit lamp. If 
it couHists of urate of ammonia unmixed with other matters, 
it will readily dissolve aa the liquid becomes warm, and, on 
cooling, will be again preeipitoted. When pnrpurine is 
present (104), the urate will probably not disBolve quite bo 
readily on the application, of heat as when it is uimiixed 
with colouring matter. 

193. Under the microscope, urate of ammonia appearB 
as an amorphouB powder, JVequently interspersed with 
minute round particles Im'ger thin the rest, some of which 
are occasionaUy found adhering closely together. (See Fig. 
11, paragraph 91.) More rareh", it is found in the form of 
large masses, containing spiculED of supcmrate of ammonia 
(Fig. 12, paragraph 92). 

194. It must be remembered that phoBphate-of-lime 
sediment usually has a very similar appearance under the 
microscope (108), and may consequently be mistaken for 
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urate of ammonia, if the microecopio appearance alone be 

relied upon. All that is neeessa^, in order to diatingiaisii 

between them, is to add a drop of ddute hydrochloric acid 

to a fittle of the deposit on a slip 

<^ /oj ^d^ of glass. If it consirts of phosphate 

y^-^'^ '<7->^ ^ of Erne, it willinatautlydiBBolveon 

■S^f^^^n the addition of the luiid (49, 323)] 

^^> /~~i ^ U ■"'liile. if urate of ammonia, it wUl 

f~^ . IQ} V ""^ bo acted on much more alowly, aaA 

^~^ri\ tm *''TS. ' — ^ * short time, minute cryst^ rA 

" tyBirm """ ^*^ f^*- ^1' '"^ gradually 

fjTf \^ , appear, having been displaced fttan 

^^ " the urate by the action of the hy 

Fig 31. Uric acid. drochloHo acid (196). 

2Vi^^o,c,o^".a",o,+i^c^=iV2,c?+.ffo+c,^,H,06. 

195. When uric acid cooxista in a sediment with urate of 
ammonia, which ia of very common occurrence, it may be 
difltinguished under the microaoope, by its crystalline fc^ms 
(136), totally different from the amorphous or rounded par- 
ticlos of urate of ammonia. The uric acid would also be 
left undiBaolved when the liquid is wanned, and may then, if 
necesserr, be separated by filtration, and further examined. 

1&6. Urate-of-ammonia deposits are not nnfrequently 
found mixed with the earthy phosphates, eapeeiaJly ' ' ~ 
the urine has at all an alkaline reaction. These willb 
undissolved when the liquid is warmed, and may be kcv 
mined under the microscope, and tested with dilute hydro- . 
chloric acid (317. 322). 

197. When albumen is present in urine contaimng t, 
sediment which is supposed to consist of urate of ammonu^/ 
it may, by coagulating when heated, disguise the BolabiIifef:i 
of the urate, and thus lead to an erroneous opinion as tpJ 
the nature of the deposit. If, however, the heat be applie£ 
very gradually, the urate of ammonia will be found tfl" 
dissolve some tune before any of the albumen coagulatMi: 
BO that, with care, tins source of error may be avoided. 0) 
if Ae urine has been inadvertently allowed to boil, and I 
precipitation of albumen has taken place. the I)C|aid mayb 
filtered while hot, and the clear ^tcred solntion viU, a 
cooling, again deposit the urate of ammonia ; which joi^ 
then, if necesBBj-y, be Anther examined (94, 192). 

198. If pus or mucus be contained in the sediment, 
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togetJier with Tirate of ammonia, tlie urine will not become 
perfectly clear on the application of toat ; nor will tlioae 
substancea disBolve on the addition of dilute hydrochloric 
arid. They may, however, be distinguished with the aid 
of the microscope (328, 329). 

199. When it is required to eatimate the quauti^ of 
urate of ammonia in a urinary sediment, a portion of the 
latter, derived from a known quantity of the secretion, ie to 
be boiled with water, and filtered while hot; when the 
soluble urate will be separated from any uric arid, earthy 
phosphates, &c.i that may be also present with it. The 
solution is then concentrated by evaporation at a gentle beat, 
and allowed to coo) ; when the urate of ammonia will again 
separate in the sobdfonn, and after drying on a water bath, 
may be weighed. 



200. "Wben gently warmed, the deposit dissolves, similar 
to urate of anunonia, and reprecipitates on cooUng. 

201. Under the microscope, it UBually appears in the 
form of small circular, and sometimes aemi-CTystalline 
grains, covered occasionally with irregularly formed spicuhe, 
or granular protuberances, as shown in figure 13, para- 
graph 96. 

202. When ignited before the blowpipe on platinum foil, 
it leaves an abundant white fusible residue of carbonate of 
soda, which is readily soluble in water, forming a solution 
which is strongly alkaline to test paper. 

203. If the ignited residue be 
treated, on a slip of glass, with a drop ^ 
of dilute hydrochloric arid, it dis- n [SI '^ 
Bolvea with effervescence, forming ^ r\f\ ® 
chloride of sodium ; which, if the ^» ^ 
liquid be expelled by gentle cvapora- ^ r-, Q 
tion, is gradually deposited in minute ^^ .-^ 
cubical crystals, .on the glass, and '^ <^ S^ 
may be easUy recognised with a lens ^ ^ chJuiids of 
or microscope (Fig. 32). Hidikim. 
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204. When a little of the dei 
is placed in a, drop of uitrio acid on n i&p of glasH, and the 
residue, after evaporation, treated with a Bttlo ammonia, 
in the manner deacribed in paragraph 23, a purple colour 
ia developed, similar to that caused under the eame cireum- 
Btances, with uric acid and urate of ammonia. 

205. Urate of soda may be distinguiahed from urate of 
ammonia, which in ehemiual properties it much rcBemhles, 
bj its microscopic appearance (91. &6) ; hy not being en- 
tirely disaipatedrby ignition (202,375); by giving no ammo- 
niacal fiimes when wanned with a solution of potash (37r)i 
and hy the ignited residue yielding with hydrochloric acid, 
cubical cryBtala of chloride of aodium (203). 



Examiimtion of Urine tmpeeied lo contain aa excess of 
Sipparie Add, 

306. When urine ie suspected to contain an excess of 
hippuric acid, an ounce or so of the hquid ia evaporated on 
a, water hath t« the conaiatence of a syrup ; which is then 
mixed with about half ita hulk of strong hydrochJoric acid. 

The nuxture is set a^ide, and esmnined afl;er the lapse ot 
a few hours. If any considerable excess of hipparie acid 
is present, it will gradually crystallize at the bottom of the 
dish, in fine tufta of needlelike cryatsla, often coloui'edpink. 
by the admixture of piirpiirine, and having the form eliawg^ 
at a, figure 33. 




Fifi, 33 Hippurio 



207. If ttc aeid ia pTeBont in smaller quantity, there may 
be merely a few detached micrOBeopic needlelike or branched 
nyatals, deposited here and there upon the glass, as ehown 
at 6 in the figure. 

208. Hippuric acid ia readily soluble in alcohol ; the 
aloohohc aohition leaving, after evaporation, a crystalline 
residue, which has usually the ftppearauco shown at e, 
figure 33. 

209. It is nearly insoluble in cold water, but readily 
soluble in hot. On cooling, the aqueous solution deposita 
the aeid in well-defined pnamatio crystals, which are either 
detached, eaind (Fig. 33), or in tufts, as shown at a. These 
crystals usually form very beautifiil objects under the 
KucroBcope ; and wheu examined with polarized light, de- 
Telop colours of great variety and brilliancy. 



210. MueouB urine always deposita a viacid, tenacious 
nuiSB, having an alkahne reaction (100), and couaisting 
chiefly of mucus, often mixed with the etu^h^ phoapLal^a, 
osalate of lime, and other matters. If the unne be ghaken, 
the deposit does not again miv uniformly with the hquid, 
but remains cohering in ropy masses, which are very 
characteristic. 

211. When, owing to the admixture of a large quantity 
of earthy phosphates, the deposit has no longer the pro- 
perty of (ionering together, the microscope must be resortoi 
to, in order to determine whether or not much mucus is 
present; the appearance and abundance of the peculiar 
granular corpuscles (315, 338) furnishing a rough mdes of 
the quantity present. 

21^. It is possible that pus may also be present, in which 
case, unless in very small quantity, it may generally he 
detected in the manner deacribed further on (247 — 258, 
168), where will be found the means of distmguishing 
between pus and mucus. 

213. if it ia wished to deternune the amount of rauc 
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contiuned in a dcpoait, in which, it is mixed witli eai 
pboapliatcs, urates. &e., the sediment must be filtered, 
boiled with a little water, in order to dissolve out the- 



nrat«a ; it may then be treated with a little very dilnte 
'lydrodiloric acid, which will dbaolve out the earthy phoa- 
ihatea, when the residue of mueus nioy. after careful 






I a water bath or in a hot witt«r oven (Pnub 
Chem. 630), be weighed. 



Examination of Urine suspected to contain an ahnormal 
proportiim ofExtratUve Matift. 

214. It is often of some importance to be able to identify 
the presence of an excess of the peculiar yellow colouring' 
matter, of which the hulk of the estraetive matter of orine 
appears to conaiat ; and also that of purpurine, which VL 
probably a, morbid modification of the yellow substance. 

Yellow colouring matter. 

215. An excess of the yellow colouring matter may btf 
recognised by boiling a httle of the luspected urine, anct 
then adding to it a few drops of hydrochloric a«dd. M 
more or less intense red colour ia in this way produced]? 
the intensity of the colour indicating the comparati'm 
amonnt of the yellow colouring matter present. In ieahhy 
urine, a faint Tilac or pinkish tint otdy is caused by the 
hydrochloric arid ; while if the colouring matter is inlargo 
exoeaa, an exceedingly intense crimson is produced. 

Purpurine. 

216. The presence of purpurine, or the red colouring 
matter so often met with in cases even of very elid^, 
derangement of the system, is easily ascertained. Owing 
to its soluhihty in water or urine, it is never met with u • 
deposit per se. 

217. PuTpurine, however, has a remarkable tendency to 



unite with urate of ammonia (104), and whenever a deposit 
of that substant^e is formed in nrine containing purpuriiie, 
the latter is invariably precipitated with it, giving the sedi- 
ment, which would otherwiae be colonrlesB, or nearly bo, a 
more or less decided pink or red colour. When purpurine 
is present in a deposit of urate of ammooia, the latter is not 
so easily soluble m hot water, ao that the red deposit does 
not disappear so readily on the apphcation of heat, as when 
no purpurine is present (94). 

218. If a deposit of nratea, coloured with purpurine, be 
digested in warm dilute alcohol, the purpurine will dis- 
eolve; leaving the deposit nearly eolourless, and forming a 
solution of a yelluwiBh pink colour. 

219. Urine containing purpurine, when no esceBB of 
urates is present, has a more or less decided pink or red 
colour, which may appear at first sight very similar to 

220. Purpurine may be distinguished from blood, when 
present in a sediment, by microscopic esamination, when 
the true nature of the uric deposit will be at once apparent 
(318, 323}, together with the absence of blood discs (330). 
When treated with warm alcohol also, the colouring matter 
will be dissolved out (218). 

221. Purpurine, when contained in solution in urine, 
may be precipitated by addiM a little warm aqueous solu- 
tion of urate of ammonia, which wiH, on cooling, separate 
from the liquid, carrying with it nearly the whole of the 
colouring matter, forming a pink deposit, and leaving the 
urine nearly colourLcss. 



^^H SECTION vin. 

Examination of Urine sutpected to contain an ahnormal 
proportion affixed Alkaline Sails. 

222. When an eiceas or deficiency of any of the fixed 
alkoUne salts is suspected to be present, a known weight of 
the urine may be taken, from whieh the proportion of the 
substance inuuestion is estimated in the manner described 
in Chapter IL, paragraphs 66 to 84. 
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Examination of Urine injected io contain on ahnormal 
proportion of Earthy P/iosp/iates, 

223. If the suspected urine is neutral or alkaJine to teit 
paper, ft sediment of eartliy phoapliatea rany be precipi- 
tated, even in caaea where tfioy do not exist m larper pro- 
portion than in tlie healtliy secretion ; bo tliat lie mere 
uccurrcnce of a sniall phospnatic deposit is not neceiiar^ 
a proof of their eiceaa (ICW). 

224. On warming' the urine, the aediment, if phoaphatie, 
remains nndoBaolTcd (94, 329). 

225. The earthy phoaphatea are readily Boluble in most 
ofthe dilute acids, eapeciailyhydroehloric, nitric, and aretic. 

236. If the acid solution thus formed be neutralized or 
superaatnrated with ammonia, the earthy phoaphatet 
immediately reprecipitated (49 i). 

227 They are quite maoluble in potash, ammonia, and 
the alkaline carbonates (49 c). 

229 A deposit ot earthy phosphates may generally be 
immediatciy TecoffmBed under the microscope. The cryi- 
talhne forms of the tnple magnesian phosphate have been 
atready noticed (44), and these 
are often mixed with the 
amorphous phosphate of linu 
(Fig.34). Ifadropof dilute 
hydrochloric or acetio acid b» 
added, while the sediment 
in the field of the miinroecoi 
the tn^staUwill be seen rapui 
to diaaolve, leaving the liqi 
clear, unless uric acid, or soi_ 
other matter insoluble in Q» 
piiatsa s^id, be also present in th*, 

deposit. 
; containing in solution an extern of 

_, , , . ia boiled, a portion of them ia nsaal^ 

preeipitated, giving the Uquid a turbid appearance, »■ 
aembling the coagulation of a small trace of albumen under 
simihir circumatancea (49,139). It may readily be diatilt- 
Koibhed from albumen, by adding a drop or two of dilute 
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229. When n 
earthy phosphatea. 



nitric or hydrochloric acid, which will immediately redia- 
Bolre the precipitate if it consiBta of phosphates ; but if 
albuminous, will not affect it. When the pretipitat« is 
found to dissolve oii the addition of the firat drops of acid, 
it is advisable, before concluding that albumen la not pre- 
sent, to acidify the mixture more strongly, since the 
ooagidDm of albumen, when very ameJl in quantity, occa- 
sionally dissolves on the first appUcatiou of acid, but is 
wholly reprecipitated on the addition of s few drops more 
ofthe acid (140—143). 

230. K the absence or a deficiency of the earthy phos- 
phates is snspccted, the urine may be treated with a sUght 
excess of ammonia ; when, if no precipitate occura, it may 
be inferred that they are either Edtogether absent, or else 
present in Terr amall quantity. 

231. In order to ascertain, in such a case, whether or 
not any traces of them are present, a pint or two of the 
urine may be evaporated to iyneaa, and the residue, after 
tooiaeration, digested with dilute hydrochloric acid, which 
will dissolve out the earthy salts if any are present. The 
acid solution thus obtained is then filtered, and super- 
saturated with ammouia, when, if any earthy phosphates 
are present, they will be thrown down in the form of a 
whit« precipitate (49 J). 

Quaatitalive detorminatian ofthe Earthy Phosphatei. 

332. Wlien it is required to estimate the proportion of 
earthy phosphates in a deposit containing uric acid and 
other matters, a portion oi the sediment, derived from a 
known qnantity or urine, is first washed with a dilute solu- 
tion of amraonia, and then digested with dilute hydro- 
dilorie acid, until the latter ceases to dissolve anything 
fiirther. Tlie acid solution of the earthy salts, thus 
obtained, is separated from the insoluble matter by filtra- 
tion, and then supersaturated with ammonia, which will 
throw down the whole of the earthy phosphates (70) , The 
mjiturc, after standing a short time, to allow the magnesian 
phosphate (73) wholly to separate, is to bo filtered; and 
the precipitate, after drying at a gentle heat, is t« be 
weighed, when its weight will represent the amount of 
earUiy phosphates in the quantity of nrine from which it 






Examinatimi of Urine suspected to eoniain Suffar. 

233. When urine is suspected to contain s 
be eiaaiiiiedbymeansof Trommer's test (132), and the 
fennentation t^t (127).* K any white Bcum or Bcdiment 
iB present, it shoald also he examined for the tomla 
veBicles, under tie microscope (132). 

234. The method of estmiating the quantity of augf 
contained in diabetic urine will be fully described i 
Chapter VII. 



^iramination qf Urine suspected to contain Albtunen. 

235. A little of the suspected urine is to be gently boiled ' 
in a test tube. If any albumen is present, it will be' 
coagulated, forming a more or less copious white deposit 
in flie liquid. The precautions necessary for the bui — 
of this experiment hare been already noticed in para- 
graphs 139 to 143. 

236. To another portion of the urine add a fevr drops rf 
nitric acid, observing the precautions mentioned in para- 
waph 143. If a precipitate or millriness be produced by 
tiie acid, and olsooy boiling (235), thepresence of albiuuen 
in the urine may be considered ceriain (141). 

337. The proportion of albumen iu urine may be eati- 
mated with tolerable accuracy, by boiling a known qnimtiljj. 
of the secretion, and separatmg flie coagnlum by flltrationf 
the insoluble matter is then washed with a little dilute nitrie' 
or hydrochloric acid, in order to disaolve out any earthj, 
phoaphates that may have been precipitated (140), diiea, 
on a chloride of calcium bath at a temperature of about; 
240° or 250°, and weighed. 



■ ETenwben Trominer'B tent aflbrds tolerabtj d ^„ 

It <■ alwaTB more BUthctoi?, vlien pncllobte, lo mnpnii tbc remit 
tamtoV^OD t«t ; since cerUln oUwr orguilc mi"" ~ ^ " 
UprsHot, caius tbe fOnuulim g( Uw saboildaaf c 






3 amall as not to 
form a tolerably deeidod ooagulmn v/hca boiled, but only 
to render the liquid opaleseeat, it will be Lardlj necessary 
to proceed with the quantitative detenniaatioa ; and it may 
be Het down as a mere trace, 

239. Tbe method of making a complete quantitative 
anaiyaia oC albuminous urine will be fully described in 
Chapter Tin. 



Examination of Urine suspecfed to eonlain Blood. 

240. When, from its peculiar red or brown colour, or 
from other circumBtances, tbe presence of blood is suspected 
in urine, it may first be examined nnder the microscope, 
for any blood-corpuscles that may be contained in it (146). If 
no coagula have aeparated (145) , the liquid should be allowed 
to repose for a snort time, in order to let the corpuaclea 
subside to the bottom ; and a drop then taken from the 
bottom of the vessel will generally be found to contain an 
abundance of the corpuscles, more or less modified in form 
and appearance (456). 

341. When so mneh blood is present as to give the urine 
a decidedly red colour, it wiU probably be unneeeaaary to 
wait for the aubHidenee of the corpuscles ; and a drop of 
the liquid taken indiscriminately wdl usmdly be found to 
contain sufficient for microscopic examination. 

242. If the blood has coagulated, either in the bladder, 
or subsequent to emission, it is most probable that the 
greater portion of the blood-oorpuaeles will have been 
entangled in tbe coagula, and may bo forced out bv gentle 
prcBBure under a strip of thin glass, so as to be made visible 
with the help of the microscope. 

243. The urine should also oe tested for albumen by beat 
and nitric acid, in tbe manner already described (139 — 143). 
The ooagiUated albumen will probably, in this case, be more 
or less highly coloured, owing to the presence of the colour- 
ing matter of the blood (147, 455). If the urine already 
contains coagula, or other aoUd matter, it should beseparated 
from them by filtration, before being tested for aibmneni 
as their presence would tend to mask the appearance of 
coagulation. 
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244. If tlie urine eontains much blood, it may probably 
become spontancouflly gelatinous, owing to the coagulation 
of tie diBBolved fibrine (145, 418). Tliifl eoagulum shonld 
be examined under tlie microBcope, eince it Bomewhat similar 
gelatinouB elmracter might be oceaaioned by the presence 
of a oouBiderable quantity of mueus (101) ; or, if the urine 
be alkaline, of pus (261, 680). The coaeulum of fibrine, 
when preBBed between glaaaes, is usually found to be com.- 
posed of minute amorphoua particleB, with a few red blood- 
corpuBcles ; quite different m character from the granular 
mucuB corpuscleB (146, 328). 

346. Unne containing bile or purpttrine (148, 104). has 
BometimeB nearly the same colour and appearance as wheu 
blood is present, and may, without care, be inadvertenliy 
mistalten for it. If no trace of blood-rorpuscles can M 
detected under the micrOBcope. we should, before deciding 
that blood is present, prove diat the colour of the aeeretion 
is not due to purpurine or bihary matter, by applying the 
testa deacribed for tie detection of those aubBtances, in 
paragraphs 219—221, 246, &o. 



Examination of Urine euspected to contain Siliari/ matter. 

246. When urine is Buspected to contain bihary matter, 
it may be examined by Pett^nkofer's and Heller's tests, 
described in paragraphs 148 and 151. If these fail to 
afford indieationa of it in the urine, the latter should be 
concentrated by evaporation on a water bath, and the 
strong aqueous or alcoholic solution of the evaporated 
residue again tested (150). 




Examinatiun of Urine suspected to contain Put, 

247. When pus is contained in urine, unmixed witi. any 
considerable quantity of mncua, it may readily be distin* 
guished under the mieroaeope by its containing the peculiar 
nucleated pus granules (153, 678). These particles, when 
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tJie Brine is aUowed to stand a sliort time, firadually subside 
to the buCtom of the liquid ; and when aualien, again mi^ 
readily with the urine, in which respect a deposit of pua 
differs /sBsentiaUy from one of mucus ; the latter forming, 
on agitation, tenacious ropy masses, whieh do not agam. 
mis uniformly with the liguid (99). 

248. Aa pimilent deposits frequeutly appear to the naked 
eye rery sunilar to those of tlie eartny phosphates (106), 
and as it is often difficult to distinguish tietween pus and 
mucus when they coexist in a specimen of urine, I will 
mention the more charaeteriatac tests by which purulent 
depoatts may be most readily identified. 

248, It must be remembered that the form and general 
appearance of the pus and mucus corpuscles Tary consider- 
aDly under different pathological conditions of w.e patient ; 
so that it ia not unfrequently impoBsible to distinguish 
between iJiem. The granules of pus appear indeed to he 
identical with those of mucus i the difference between the 
two substances being in the composition of the fluid in 
which the particles float (661, 676). 

250, Under the microscope, with a power of about 400 
diametcrs,the pus granules hare the appearance represented 
at a, figure 35 ; and on the addition of a Uttle ditata 
acetic acid, they become 

much more transparent, and C^ai^ Qi AAACk 
in eaeh corpuscle one or ^^^T Vlf^ 
more internal nuclei are J-'^ghWrn Z7 
rendered visible, having the W^^ «^ i 
appearanceshownatfimthe ^o^^,.^ iK Mi 
li^c. ThepamiUiotpu. ®®«^ " " 

Will be fonnato fioat about «■;,; « Poa Opaniilaa 

freelymthehquid(678,156). ' 

261. When the urine is alkaline, the character of the pus 
contained in it is difierent j being then thick and gelatinous, 
closely resembling mucus (680), 

262. The granules of mucus present almost precisely the 
same appearance under the microscope as those of pus, hut 
are usually, perhaps, rather smaller, and less distinctly 
granular on the surfaee. The addition of dilute acetic acid 
renders visible the interior nuclei, as in the case of pus 
(250). The acid, however, coagulates the fluid portion of 
the mucus, owina, probably, to the precipitation of the 
mucin, before held in solution by a small quantity of 
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aJiali (663). Id the case of urine containiiig only a small 
qnautity of mnciiB, it is imcertain whetlier this pbeoomenon 
of coagulation will be aeen, on account of the dilution of 
the nmeona fluid, and also hecauae the roagulatitm may 
hare heen already occaaioned by the preBence of the largo 
quantity of water (663). When, however, the quantity of 
mucuB ifl tolerably obundBut, tbo co«§ulation by acetio 
acid fumiaheB a yery characteriBtic reaction. 

253. The earthy phnsphatea, which to the naled eye, 
sonietiinea closely reBemble puB, may be at once dia- 
tingnished under the mieroerope by their ciratalline form 
(43), and also by being readily aoluble on the addition of 
dilute acetic acid (228). 

354. The liquor pvrii, in which the pus grannies float, 
dways containa dbumen in aolution (676). This may be 
readiW detected by the tcBts of heat and nitric acid, already 
descriDed (139) ; unleM, indeed, the quantitj' of urine ia bd 
large, compared with that of the pus contamed in it, aa to 
have rendered it too dilute. 

255. The fluid portion of mucua, on the contrary, containB 
no albumen, or merely a minute trace (663), and conae- 
quently undergoea no coagulation when heated, or tested 
with nitric acid. It is, however, very posaible that nriiie 
containing an esccBa of mucua, and no pus, may alao 
contain aflinmen ; bo that the mere presence of albumen in 
the accretion ia not neccasarily a proof of the presence of 
pus (1011. 

266. A certain quantity of fatty matter, readily soluble 
in ether, ia always present in pua (676, 678), but seldom, 
and in much emafier nroportion, m mucus (663). If, there- 
fore, the deposit, or the reaidue after evaporation, be boiled 
with a little ether, and the etherial aolution thus obtained 
is found to yield, on evaporation, small globules of yellowiili 
fet, it ia probable that pus ia preBent. 

267. A deposit of pufl, when treated with a solution 
of ammonia or potaan, bccomea converted into a thick 
gelatinous mass, often aofficiently tenacious to aUow of thA 
tube containing it to be inverted without any of the mixture 
flowing out. This reaction is very characteriatic. 

268. Urine containing pus is moat commonly either 
neutral or slightly acid, and becomcB alltalino very alowly. 
U.UC0U8 urine, on the contrary, even if acid when it is 

L quickly becomes ammoniacal, and alhulinc to test 
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359. Urine susperted to contain fat, may be examined 
with, a tolerably high power under tho microscope, when it is 
oecasiouaUy found t« contain minute oil globolea, (168, 325). 
This, however, is not alwaya the case ; 80 that the best way 
of proving the presence of fatly matter, ia to agitate a little 
of the aiiBpected urine with about half its bulk of ether, 
which will separate the fat from the watery fluid, forming, 



usuaJly, a yeuowish Bolntion, which gradnally rises to the 
The etherial solution thus obtained, may th 

a water bath, when the tat or oily 



surface. 



y then bo 



; and may, if ni 
aary, be tested as to its oily nature, by shaking np with 
hot water, when, if oil or fat, it will break up into minute 
globides, immiscible with the water (158). 

260. Chylous urine is usually so peculiar in appearance, 
that it can hardly be mistaken for any other morbid con- 
dition of the secretion. Under the microscope, it appears 
to be chiefly composed of amorphous aibuminoua matter in 
a minute state of division, mixed oceasionallj with globules 
Tnhling those found in the lymph and chyle. On agita- 



tion with ether, it will yield abundimt traces of fatty matter, 
and distinct oily globules may occasionally be distinguished. 
361. This form of urine always contains albumen it 



A portion of this, or more probably a httle soluble 
fibrin (145), not unfrequently coagulates spontaneously 
after emission^ving the urine a gelatinous or semi-aohd 
conaiatenee. The presence of albumen may be shown by 
applying to the unne, rendered clear by filtrotion, the teste 
of heat and nitric acid (236). 

262. If it is required to ascertain the quantity of fatty 
matter in any specimen of urine, a known weight of tho 
secretion may be agitated with auccessiTe small quantities 
of ether ; and the etherial solution thus obtained will leave, 
after evaporation, the fatty matter which it had digsolved. 
This is to be dried on a water bath until it ceases to loeo 
any further wei)|ht. 
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Examination of Urine swtpecled to contain & 

263. Microscopic esamination is the only truatworthy 
meaiia of determining wlietlier or not any traceH of semen 
are contained in urine. The urine should be well shaken, 
and then left to stand a short time, iu order to bUow ^e 
floeculi of mucus and spermatozoa to BubBide. The greater 
part of the fluid is then poured off. and a drop, containing 
the sediment, taken from the bottom, and examined imder 
the microscope, with n magnifjing power of at least four or 
five hundred diameters. If semen is present, tie sperraa- 
tozoa always contained in that secretion will then he risible 
(160), together, probably, with the peculiar seminal punulea 
also found in the spermatic fluid (161). 

264. Traces of albumen, also, may generally be detected 
in seminal urine, by the apphcation of lieat and nitric acid 



Examination!^ Uritie suspected looontaiii Oxalate ijf Lime. 

265. Wien the presence of oxalate of lime is suBpected, 
the urine should be allowed to stand some little tune, in 
order that the sediment may partially subside, A little of 
the liquid taken from, the bottom of the vcBsel is then, 
treated in the manner described in paragraph 164, and 
examined under tiic microscope ; when, if presen.^ tha 
oialate will be seen either in the form of octohedral cryetali ■ 
(166), or of one or more of the modificatJons of the dumb 
bell (168). 

266. Oialate of lime dissolves without efforrescence in di« 
lute hydrochloric acid, and is a^nain precipitated unchanged, 
when the acid solution is neutralieca or supersaturated yn/lki 
emmoaia or potash. 

267. If the oxalate -of-limo deposit be gently ignited, aiut 
the residue after ignition treated with dilute hydrochlerki 
aoid, it will be found to dissolve with eflerreacence, Laring' 
been conTeited, during ignition, into the carbonate of lipwi 
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268. When it is required to CHtimate the amount of 
osalatt-of-lime Bediment, it inaj-, if onmixed nilh other 
4epoeits, be Beparet«d hj filtration &om a knomt quantity 
of urine, and weighed. When mixed with earthy phoH- 
phatee or urat«g, we deposit, after filtration, may be washed 
with a little dilute aeetic aeid to diaaolve out the plioBphatca 
{4& b) ; the mixture is tJien filtered, and the inHolublo 
portion digested in dilute hydrochloric acid, which will 
disaolve the oxalate of lime, leaTing undisBolved any uric 
aeid that may he present. The acid solution ia then filtered, 
if necessary, and supersaturated with anunonia i hy which 
the oxalate will be again precipitated. It may then be 
dried on a water bath, and weighed. 



BECTION SVIII. 

Examination of Urine saspeHed to contain Cysiine. 

269. The presence of cystine may generally be identified 
by means of the microscope (172), eBpecially after the 
deposit Tib-" been dissolved in ammonia, and allowed to 
crystallize, either spontaneously or with the aid of a very 
gentle heat, from the ammoniacal solution (270). 

270. Treat a portion of the suspected deposit with a httle 
solution of ammonia ; if it iseystme, itwillbefonndreadily 
to dissolve. Place a drop of the ammoniacal liquid on a 
strip of glaas, and allow it to evaporate spontaneously. 
The peculiar heiaeonal tabular cirBtals of cystine thus 
obtaiued are very ciiaiactoriBtic (173). 

271. Neutralize the rest of the ammDniacal solution 
formed in 270, with acetic arid ; the cystine, if present, 
will be precipitated (174). 

272. Cystme may be diatinguished from urate of am- 
monia, which it often closely resembles in oxternal ap- 
pearance, b^ being insoluble, or nearly so. when the urine 
containing it is warmed ; while urate of ammonia readily 
dissolves (172, 94). 

273. It may be distinguished irom tlic earthy phoBphates 
by its insolubility in acetic acid (174) ; by it« appearance 
under the microscope {317. 320) ; and also by its ready 
solubility in ammonia (173). From chloride of sodium, 
cystine may be distinguished by its sparing solubUity in 
water (173). 
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374. If cystine be boiled witli a, little coiiHtic potash, aad 
the golntioD tested nith acetate of lead, a black precipitate 
of sulphide of lead will be produced ; in coQBequence of 
the laiee amount of Bulphur contained in the cvBtine 

tcjra,o,s,). 



375. When the presence of any other kind of foreim 
matter is suspected in the urine (ISO), such as metaJlie 
Halts, iodine, inorganic or organic acida, &c., a few tests, 
such as hydrOHnlphuric acid, hydroaulphate of anunonia, 
Ac, will generalw lead to tiieu- detection without much 
difflcnlty. (See Parts IV. & V. ; also Prac. Chem., Parts 
II. & in.) If the suspected substBuce is organic, either 
the urine itself or the eraporated residue may be tested ; 
but when an inorganic substance is to be looked for, it is 
generally adTiaable to incinerate the eraporated residue. 



and test the ash for the substanoe it 



CHAPTER Yl. 



EXAMISATION OF UOSBin V 



276. When a specimen of urine is suspected to differ in 
some respect from the healthy secretion, it will generaUj 
be found easy, by means of a very few simple eiperimento, 
such as those Whicli I am about to describe, not only to 
ascertain whether or not such is the case, but also to di»- 
cover the nature of the particular morbid conditioo. in 
question ; whether it bo tuat one or more of the noniuj 
constituents of healthy urine is present in an abnomul 
proportion, or whether it he due to the presence of some 
substance which ia never found in the healthy secretion. 
In such an examination, the microscope will be found to 



afford moat valuable and ready assietanoc. the simple 
microecopio inspection of a deposit often rendering its true 
nature at once apparent. Whenever, therefore, the student 
has access to one, he will do well to avail himself of it as 
much as possible -, and he will soon find that, with a httle 
experience, he will be able readily to discriminate between 
the more common forms of urinary deposits. 

For the method of diatinguislimg the several forms of 
deposit under tlie microscope, see paragraplis 315 to 332. 



Examination qf Urine containing some Solid Deposit. 

277. The urme may be first tested with blue htmus 
paper ; if acid, the eolonr will chmige to red, or reddish 
pnijile. Should the blue colour remain unchanged, test it 
with yellow turmeric or reddened litmus paper ; if tJie 
urine is alkaline, — owing, probably, to the conversion of 
urea into carbonate of ammonia (11), — the turmeric will 
become brown, and the reddened litmus blue ; while, if the 
colour in both cases remains unaltered, the urine may be 
considered neutral. 

278. The specific gravity of the urine may then be taken. 
This is moat readily done oy means of the 
urinometer, which is a httle instrument 
constructed < 
meter, the u 

in the annexed figure. The tube, when 
used, is simply inunersed in the urine, 
and when it lias come to rest, the number 
on tbe graduated scale, which stands 
at the level of tlie hquid, when added 
to 1000, win represent the specific gra- 
vity of the fluid. For esample, if the 
level of the liguid stands at 5 on the 
scale, the specinc gravity of the urine 
will be 1005 ; if at 30, it will be 1030, 
and so on (301). If an urinometer is 
not at hand, the specific gravity of the 
urine maj be token by means of a bottle, 
or even with a lump of glass (Prae. Chem. 
148, 119). 
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379. It is often a mutter of some importance to the 
phjaiciau. to he able to det^rmiae tlie amount of eolid 
matter which ie eiereted daily from the body, throush the 
kidneys. If the weight of the whole quantity of tirime 
passed during the twenty-four hours is ascertained, and 
also the BpeiSfio gravity of the whole of it when mixed 
together, we can, by reference to the following table, letuu, 
with a sufficient degree of accuracy for most purpoaeB, the 
weight of sohd matter contained in it. 
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280. The following table, showing the weight of a pint 
and of a fluid ounce, of urine, of the different Bpeiufle 
gravities most commonly met with, will probably &o be 



found uacful ; 

Juantity of urine passed during tke day, than to weigh, it, 
t will he Been that a, eurioiis coincidence exiats bet«-een 
the weijrht of solid matter contained in a fluid ounce of 
urine, and the last two of the four figures which represent 
the apeoific gravitj, both numbers being in most cases 
nearly ideutical. Tliis affords a ready and tolerably accu- 
rate means of reckoning the quantity of solids contmned in 
the day's urine, which may he known by multiplying the 
last two figures of the specific gravity, "by die number of 
fluid ounces of urine passed durmg the twenty-four hours. 
ThuB, if the specific gravity is found to be 1025, and the 
quantil^ passed 46 ounces, the amount of solid matter 
oontaiued in it will he very nearly 25x46, or 1150 grainfl. 



Shooing the Weight of a Piid, and of a Fluid Ouiux, q/' unne i^f 
difennt ipeeifie gravitiet ; andiUia lie Weight tf Solid Matter 
in eacft FUid Ounce. (Dr. G. Bird.) 
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281, The deposit may now be for the most part separated 
from the urine, by allowing it to subside for a short time, 



and then pouring off the clear liquid. Tte portion of 
urine containing the sediment in Buapenaion may be firat 
esamijicd. For the mode of examining the clear liquid 
separated &om it, eee paragraphs 300 to 314. 

Examination qf the Solid D^otit. 
a. If, owing to some cliaracteriatic peculiaritf in the 



peet the nature of the aediment, he may at once proceed 
to apply the testa for the suspected substance, according 
to the directions mven in Chapter V., page 55. At first, 
however, and untu ho has had some htt& experience on 
the subject, he will do well to adopt some such method of 
examination as the foUowing. 

2B3. In the great majority of ciises, the deposits contained 
in urine will be found to conaiat of one or other of the 
foEowing substances — viz., earthv phosphates, uric a«id, 
urate of ammonia, or oxalate of lune; sometimes alone, 
Bometimes two or more mixed with each other, or with. 
mucus or other matters. The first experiments, there- 
fore, should be directed to the detection of these four 
substances. 

2S4. Put a httle of the urine containing the deposit, in 
a test tube, and warm it gently over alamp. If it bbadtlt 
siasoLTBS, it is probably itbate of aumohia (192) ; in 
which ease one or two of the more chara<jteriatio tests for 
that Bubatance may be apphed, and the deposit may be 
examined under the microscope; in order to confirm or 
correct the flrat result (91, 194, 197). K purpurine it 
present with the urate, which may be knomi by ita pink 
or reddish colour, the deposit will probably not dissolve so 
immediately on warming, as when the colouring matter ii 
absent (192). If thedepoait doea not dissolve vriien gently 
wanned, nor yet when heated nearly to boiling, it must be 
further tested as follows (285). 

285. Ip the deposit does not dissolyb whbk 
WASHBP, add to a few drops of the sedimentary urine in k 
teat tube, a httle acetic add. 

286. If the DEPOSIT dissolves in acetic acid, it pro- 
bably consists of EABTHY PHOSPHATES, the nature of 
which, whether consisting of phosphate of lime, or tripla 
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phoBphate, or a. mixture of both, may he dietAn^oiehei by 
submitting a little of the deposit t« mioroscopio examina- 
tion (328, 317, 322). (Confirm 47, 225—237.) 

287. If the dbpohit pbofbs inbohtblb iif acetic 
ACID, test another portion with a httle dilute hydrochloric 
acid. If it DiasoLVBa iN the acid, and the acid aolution 
thiiB obtained givee, when neutralized with nnimonia, a 
white preinpitate, it is probably oxalate of liue (366). 
(Oonfirai 319, 266, 267.) 

2S8. If tse htdbochlobic acid fails to niasoLTE 
THE DEPOSIT, it may he tested for itbic acid by meanfl 
of nitric acid and ammonia, in the manner described in 
paragraph 23. Urio aaid may also he readily distinguished 
under the microscope (318). (Confirm 187, 188.) 

389. If tlio depoHit proTea to conaiat neither of earthy 
phoaphatea, uric acid, orate of ammonia, nor oxalate of 
lim p, it must he examined for the other matters which are 
oceaaionally, though leaa frequently, met with in morbid 
nrine, and wiiich have been already noticed in Chaptera 
IV, &, V. It must be remembered, that in perhaps the 
niajorifyof oaaoa,uiTiuLrydepoaitB do not consist exclitsivelv 
of any one Buhstauee, but contain two or more miiea 
tojgether ; as when the earthy phosphates occur associated 
with an escess of mucua. IHie action of the several tests 
may frequently in this way be more or leas masted, and 
when taken alone, may lead to erroneous condusiona. In 
Buch cases, the microscope will be found of infinite value, 
and should always, when available, be employed (315). 

290. If the deposit sinlta readily to the bottom of the 
vessel, forming a pale o-BEENian yellow sediment, 
which, on agitation, is again difiused readily and uniformly 
in the liquid, it probably conaiats of pub (347). (Confirm 
260, 254. 256, 257, 156.) 

291. If, on the other hand, the depoBit ia tenacious 
AMD BOPT, not mLting uniformly with the liquid when 
shaken, it probably contajna an excess of muccs (210). 
(Confirm 211, 100, 156.) 

293. If the deposit ia dabk colouebd, brown, or red, 
ajid has been found not to conaiat of urate of ammonia 
coloured with purpurine (284), it probably contains blood ; 
in which case the clear portion of the urine (281) will give 
indications of albumen when heated, or when tested with 
nitric acid (243). (Confirm 340, 243, 2'15.) 
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283. When the deposit is white, ost KEiBLT 80, Laving 
proved insoluble when warmed (294), and alao when treated 
with dUnte hydrochloric and acetiu adds (285, 286) ; and 
ia foTind to be readily soluble m * BotCTiOK ( 
HiA, the ammoniacal solution yielding on evaporation, 

HEXASOMAL CETSTALLIBE PLATES ; it is probably CySTIIfi 

(373, 270, 273). 

294. K the deposit is pale yellow, tolerably soluble 
trhen warmed (200), but does not appear to consist of urate 
of ammonia, owing to its yielding no traces of anunon 
when warmed with a aolution of po^sh (205), and appearing 
itnder the microscope not aa an amorphous sediment, but 
in amall irregularly shaped roundish or oval particles, with 
or without projectinK protuberances (324), it ia probably 
UBATB OF SODA. (Confirm 202, 203, 204.) 

29B. If, when a little of the urine is agitated with a few 
drops of ether in a test tube, and the etherial solution, 
after separating from the watery portion on which it 
floats, is found to leave, ai^r evaporation at a gentle hea^ 
a residue of iat or oily matter, the presence of fat may be 
inferred (259). (Confcn 325.) 

296. If the mine is opaque ahd almost milky i 
appearance, yielding traces of fat when treated ■nith ether, 
and is found, when examined under the microscope, to 
contain an abundant white amorphous or granular deposit 
of albumen, together probably with small round coIouriCM 
corpuscles, it probably fontajna chtlods uattkb (200). 
(Confirm 261, 326.) 

297. If, on examination under a microscope of high mng- 
nifying power, minute amimalctiles are visible, haviiif! 
the appearance shown in figure 22, page 60. it is probabk 
that SEMKK is present (160). (Confirm 161, 364) 

298. The followmg Table may serve to facilitate the ej;- 
amination of deposits with reagents. It must, however, be 
borne in mind, that until the observer has had some htlle 
ejcperiencc in the action of the several tests, he moat not 
depend too much on the result of any one erpBriment 



corroborative tests. 



confirm his suspicions by ooe or toon I 
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Table 

For facilitating the Examination of Urinary Deposits, 
hy means of Chemical Tests, 

299. Test first for the earthy phosphates, uric acid, urate 
of ammonia, and oxalate of lime (283). 

1. The sediment dissolves when wabmed. Urate 

of ammonia (284). Not soluble when wabmed. 
See 2. 

2. Soluble in acetic acid. Earthy phosphates (286). 

Insoluble in acetic acid. See 3. 

3. Soluble in dilute hydbochlobic acid. Oxalate 

of lime (287). Insoluble in dilute hydbochlo- 
bic ACID. See 4. 

4. PUBPLE, WITH NITBIC ACID AND AMMONIA. Uric 

acid (288). 

If the deposit proves to be neither of the above, it must 
be one of the following : — 

5. GbEENISH yellow deposit, easily DIFFUSED ON 

AGITATION. Pus? (290). 

6. EOPY AND TENACIOUS. MvAMSl (291). 

7. EeD OB BBOWN ; NOT SOLUBLE WHEN WABMED ; 

THE FLUID POBTION COAGULABLE BY HEAT AND 

NITBIC ACID. Blood? (292). 

8. Soluble in ammonia ; the solution leaving, on 

EVAPOBATION, HEXAGONAL CBY8TALS. Cystine? 

(293). 

9. Yellowish sediment, soluble when wabmed. 

Urate of Soda? (294). 

10. EtHEB yields, AFTEB agitation, an oily OB FATTY 

BESiDUE. Fatty matter (295). 
11. Milky appeabance. Chylous matter (296). 

G 2 
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300. Test the \ 

(377).» If ALKALI . 

nitric acid (305. 306). 

301. Take the speoific gravity (278}.* 

GEAVITT 18 HIOHEB TBiM 1025, the UTU 

bo found to contain either btioab or an l 
(302, 304). Kthe specific gravity ia not h 
pans ou to 805. Sec abo 304. 

302. Whether csea be present in eseea 
tained by mixing a little of the urine, in 

test tube, with an eqnal bulk of pure niti . . ., -i—a 

the glass cool by allowing it to float in cold water. If any 
excess of urea la present, a more or less abundant crop of 
cryBtals of nitrate of urea will, in a short time, appear in 
the mixture (181). (Confirm 183.) 

303. When a microscope ia at hand, 
mwmer detect even a very shght eseess of urea. A drop 
of the suspected urine h placed on a slip of gla-ss, and 
miscd witli a drop of pure nitric acid. If even a small 
escesa of urea is present, minute crystalB of the nitrate 
may generally be seen, after a short time, with a veiy 
moderate magnifying power. 

304. To prove the presence of suoah, a httle of the ni 

may be examined by means of Trommer's test {122), 

the fermentation test (127). (Confirm 132.) It miiat he» 
be home in mind, that very decided traces of sugar may 
exist in urine without raismg the density to a suapicioM 
extent ; SO that the mere circumstance of the apeeiSo 
gravity of the urine bobg below 1025, is no proof whatevei 
of tlie absence of sutrar ; and in any doubtful caae it 
should be careiiilly looked for by means of the testa abova 
referred to. 

305. Boil a little of the urine in a teat tube. If the liquid 
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remans clear, pass on to 307; but if b, pkecipitatb is pro- 
DCCBD, it may be owing to the presence either of albumen 
(335), or of an excess of eartliy phosphates (lOO). To dis- 
tinguish between them, add to the coiled portion a few 
drops of nitric acid. If the pbbcifitate sissolves, and 
is not reprecipitated by tUe addition of a few more drops 
of the acid, it probably consistH of kahths phospH4TE8 
(229), (Confirm 228, 226 ;) while, if it either does not 
diHBolvo, or after being dissolved by tlie first drop or two 
of the acid, aeain precipitates when the bquid is mora 
strongly acidified, albumen is indicated (1^). (Confirm 
137, 138.) 

306. It must be remembered that when the nrine is 
alkaline, aibumeh may be present in it without being co- 
agulated by boiling (1-12). Such urine should therefore be 
tested for albumen, by means of nitric acid (141). 

307. Add to a little of the suspected urine a few drops 
of nitric acid. If a PRECiPtTATB la PEODtrcBn, either im- 
mediately or aftera short time, none baring been occasioned 
by boiling (305), an bxcbss of ubic acid is probably 
present (190). (Confirm 23, 288.) If the urine ia alkahne, 
the precipitate thus occasioned may consist of albumeh, 
since that substance would not then be precipitated by 
boibng g06). 

308. Evaporate a Uttle of the urine on a water bath, to 
the consUtenco of a syrup, and add about lialf its bulk of 
strong hydrochloric acid. If, after the lapse of a few hours, 
tufts or branches of nbedlb-shapbd crystals are risible. 



either to the naked eye, or when eyamined under the 
microscope, an eiceaa of hippubic Acm is probably present 
(206). (Coufinn 208, 209.) 

309. If THE pbinb IB HiGHiT coLotTBBD, it IS probublc, 
either that it containa an excess of yeliow-eotouriug matter, 
or that blood, bifiary matter, or purpurine, ia present. To 
determine which of these it is, 

310. Boil a bttle of the urine ; if it contains blood, the 
albumen will coaoulatb, mixed with some of the colouring 
matter (243). (Confirm 240, 215.) 

311. If an excess of yellow coloceino matter i 



present, the boded \UTne, when mixed with a little hydro- 
chloric acid, will assume a. more or less decided bed ooloob 
(216). 



I 



312. The presence of biliary matter may be proved by 
Pett^niofer's and Heller'a teets (149, 151). (Confirm 152.) 

313. If PTTEPUBisK is present in BoJutioD, the urine 
uauHlly has a more or less decided pink eolour ; and when 
a]ittIen&rmaqueouBBoliitionofurat« of ammonia ia mixed 
with it, that aalt precipitates as the liquid c'ools, and carriee 
with it nearly the whole of the purpnrine, which gives the 
predpitate a pijik colottb (231). (Confirm 218, 220.) 

314. The following table may be found ueefiil for re- 
ference (298). 

Table 



1 



orfadUlating the Examir>ati<m of the clear liquid jtoriiov 
of Urine, bff means (f Tests. 


1. Specific qeavitt 


iiGHEE THAH 1035. See 3 4 3. 


2. CaT3TAL3 WITH Nl 


TEio ACID. Uxcessofureai^lS) 


3. FGaMENTlTlOH OE 


Teommee'8 Test. Sugar (304) 


i. If NKl.TBiL OB F 
5, &C. IP ALKAL 


EBBLT AOIO CO TSBT PAPEB, BCe 
MB, Bee 7. 


5. Peecipitate rom 


ED OH BOILTBO ; BOI.UBLE IN 



NiTBic AtiD. £j:cesi ofeaii/ij/pJioiipiateg (305). 

6. Peecipitate fobmed oh BoiLina; maoLUBLB in 

NITBIC ACID. Albumen (305). 

7. Pbkcipitatb fobmed bt hiteio acid. Exceti of 

vric acid, or albumen (307). 

8. Comcehtbated deinb yields needle-bhapeii 

acid (308). 
0, If the cbinb is HioHtY coloubko, see 10, 11, 12, , 

& 13, 
10. Dahk coaqclum foembd o 
, 11. Ebd c 

colmring matter (311). 



. Blood t^O). 

[th hydeochlobio acid. Saeeeutf I 



p 
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OF AMHosiA. Purpui-ine (313). 
3- Chinqe of colook with siteic acid, ic. Biliary 
r maiii^ (153, 312). 





Microscopic examiaaiitm of Urinarg Deposits (276, 389). 

315. Pl(w?e a drop of the urine containing the deposit 
(after being allowed to stand a abort time, that the sediment 
may eiibaide) on a strip of glass ; cover it with a, small 
square of thin glass, and esamine it with a magnifying 
power of about two hundred diameters. Observo whether 
the particles are ceystalline, AMOBPHors, or oboabized. 
If cBTSTALLiNB, refer to paragraph 316 ; if amobphous, to 
paragraph 331 ; and if OBaiSiZED, posa on to paragraph 
327. When, aa is frequently the eaae, the deposit appears 
to eonsiat of a imxture of two or more different forms of 
matter, each of these should in auccessioa be examined, 
nntil the nature of the whole of the deposit is clearly 
understood. 

316- If thb dbposit is ceystalline, it is probably 
either pbic acid, tbiple phosphate, or oxalate of 
LIMB ; or possibly ctstibe. 

317. If the cryst^ are stellate (Fig. 37), or tbian- 
auLAB PBiaus (Mg. 38), iuEtantly disappearing on the 
addition of acctie acid, they consist of the tbiplb phos- 
phate. (Conflnn 286.) 

318. Ip the cbtstals abe lozenoe-stia?ed, oe 

insolnble in dUnte acids, but tolerably soluble in a solution 
of potash, they are probably uric acid. (Confirm 288.) 

319. If the crystals are octohedba {Fig. 40), or some 
modification of the domb-bell form (Fig. 41), insoluble in 
acetic acid, but readily soluble in dilute hydrochloric acid, 
they are probably oxalate of limb. (Confirm 287.) 

330. If the crystals are mcltanoolab plates, having 
the roaette-like form shown in figure 42, insoluble, or 
neafly so, in water and dilute acida, hut readily soluble in 
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ammonia, the ammoniaeal solution leaving, on erEporation, 






iNB PLATES {Fig. 43), they are pro- 


bably CYSTINE 


393). 




321. If the 






BOUNDED PABT 


CLB8, 


t probably consists of phosphate 


OF LIME, or UBATB 


F AMMONIA ; or pOSsibly UKAIB OF 

KATTEB. See also 327, 4c. 


SODA, FAT, or CHVLOTJ 


322. If it is 




BLB WHEN WAEMED, hut DISSOLVES 




m th 


addition of ACETIC ob Dilittb 


HTBEOCHtoHIC 






(228). {Confirm 47, 225—227.) 


323. IfitDis 








mdT 


again BBPOBiTED on cooling, it jb 


probably ubate 




KMONiA. (Confirm 284) 


324. If the deposit 


IS in the form of palb yellowish 


OBAINS, Tilth 


r without staaU irregular protuberances 1 
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(Fig. 4A}, ciasoLviKO more or leaa readily wi 

but not consisting of urate of anunonuL, it is probably 

CEATE OF SODA. (Confirm 294.) 

325. If tlie substance is in the form of minute bounii 

GLOBOLBS, WITH DABK AMD WBLL-DBFIKBD OUTLINES 

(Fig. 45}, and bibsolvbs when iOiTiTEn with bthee, 
it probably consiita of fattt mattkh. (Confirm 395.) 

326. If the urine is ofaqub and uiiey in appearance, 
yielding fatly matter when agitattii with ether, and con- 
taining minute amorphous albuminoua particles, and per- 
haps dflo colourless globulea, it probably contains CHVLopa 
MiTTEH. (Confirm 296,) 

327. If the deposit consists or okoanizkd pabticlbs, 
it probably conaiats either of mucus (which ia usually 
mixed witn more or leaa bpithblium), pub, blood, or 
SEMEN. See a!ao paragraph 133. 

338. If the pabticles abb bounu. ob nb.vblt bo, and 
GBANOIJ.TEI) on the surface, entakoled in TEBACiotra 
btbingy masses, which do not break up and mit imifotroly 
with the liquid on agitation, it ia probably MUCDa (Pig.46,a), 
(Confirm 291.) Epithelial debbis may be recognised 
by the peculiar forms of its partieles (Fig. 46, 6.) (156.) 
Mucous urine very generally contains also a considerable 
Kmount of e^irtliy phosphates and other matters (211). 

329. If the particles are eound and gbanulab (Fig.47), 
not being held together by auy tenacious matter, but 
floating freely in thb liquid, the deposit probably 
consists of pua. (Confirm 290, 150.) 

330. If the partiolcB appear as ciboulab anb slightly 
CONCAVE DISCS, the ouUinca being occasionally irregnlni 
(Fig. 48), and of a more or less decided yellowish ctSonQi^ 
it is probable that blood ia preaent. (Confirm 290.) 

331. If the particles, or any among them, have the fonA 
of seminol animalcules, or spbbmatozoa, shown in figure 48b. 
BEMEK ia probably present. (Confirm 297.) 

332. The Table on page 92 may be uBcful to the stndeiA 
for reference, in the microscopical examination of urinary 
deposits. 
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fl2 MIOBOacOPIC KSAMINiTlON OP MORBID URINE. 



,s(Figs.40&4,l). Oxalate 



For facilitating the Microscopical Examination oj 
TJrinary Deposits. 



^BT3TALLINB, 86(3 4 t{l 7. 
I, OB EODNDBD PABTICLBa, 866 8 tO 12. 
PiETICLBS, Beo 13 to 17. 
I. LOZEKQE-BHAFBD CBTSTAIS, AND OTHER FOB1I3 

SHOWN in figure 39. Uric add (318). 
. Steels, ob tkree-sidkd pbibms (Fi^. 37 & 38). 
Triple phosphate (317). 

. OCTOHEDBA, OB DUMB- 

oflime (319). 

'. SiOaETTE-LtCB Tl 

I. Soluble when 

I. SoLITflLB IN ACETIC 

I. Ybllowish eBiiNS 

.. EOUND aLOBULBB 

^11% matter (325; 
i. White and kilics 
). Gbantlated coEPtracLES, 

TI0S9 (Fig. 46). Mucus ( 
1. Ibbeoctl ably-shaped bcal 

Hum (328). 
J. Detached geanulated cobpubcleb (Kg. 4i7)i> 

Pas (329). 
3. Blood-coeptiscleb (Fig. 48). Blood (330). 
J. Spermatozoa (Fig. 49). Semen (331). 



(Fig. 42). C^siiue (320). 
Urate qf ammonia 
acid. Fho^hale qf lime 
(Fig. 44), Urate of soda 1 
WITH DARK EDSHH fPig. 

. Ckyloas matter? (326). 



;^3). 



(321). 
46). 



I (Fig. 46, i). Epitlui: 
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CHAPTEE VII. 

QUANTITillTB ANALYSIS 



333. In the qiiantitativc exDminQtion of diabetic urine, 
it iB generally sufficient to Estimate merely the quantity of 
sugar, since the determination of the other conatituenta is 
of comparatively amall practical importance in diagnosis. 
When this is the caae, aE that is necessary is, to ferment 
250 graina of lie urine in the manner descrihed below 
(336) ; and from the amount of carbonic acid evolred, to 
estimate tie quantity of sugar which yielded it. 

334. It is, however, fretjiiently of importance to be able 
to determine the proportion of some of the other matters 
co-ensting in the nrme, especially the nrea (118), which 
has been supposed by some to diminish., and by others to 
increase, materially m quantity, simultaneously with tho 
appearance of sugar. Tlie ernct estimation of small Quan- 
tities of urea, when mixed, as in diabttio urine, with a large 
amount of sugar, is attended with considerable practical 
difficulty i and, indeed, the results hitherto obtained must 
be regarded merely as approximations to the truth. By 
the method of analysis which I am about to describe, the 
proportions of tie following substances may, without much 
difiwiulty, be determined ; or the inquiry may be limited 
to tie estimation of the sugar and urea (33S, 341) : — I, 
■water ; 2, sugar ; 3, urea ; 4, uric acid and vesical mucus i 
B, animal extractive and ammouiacal salts ; 6, fixed alka- 
line salts ; and 7, eartliy salts. 

835. Two portions or the urine, A weighing 1000 grains, 
and B weighing 500 grains, are to be evaporated to dry- 
ness (50). m weighed or counterpoised dishes, on a water 
or ebloride-of-cakium bath ; or atiU better, in vacuo over 
sulphuric acid (Prae. Chem. 646). While the ovaporation 
of A and B is going on, a third portion C, consisting of 350 
grains of tie urine, may be weighed out, for tie purpose 
of estimating tie sugar, which is done in tho following 
manner (336). 

336. Treatment of the portion C— Put 250 erwris of tie 
urine into a small wide-mouthed bottle, capable of holding 
an ounce and half, or two ounces of water ; to the mouth 
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of which is adapted a norit, fitted with tubes of the form 
Bhown in the figure (Kg. 50). The bottle Bhould be gn»- 
duftted in cubiu inches and tenths, in order to enable tha 
experimenter to estimate the amoimt of carboniu acid 
which ifi retained in solution by 
the liquid, at the cloBe of ti^ 
operation (338). The tube a a 
nearly filled with BmaU fragment! 
of diy chloride of calciom, whjdi ■ 
are prevented from falling out, " 
a looBe plus of cotton wool plat _ _ 
at each end. Tlio tube b, whidt 
reaches nearly to the bottom, ii ■ 
made open at both euds; the 
top, however, being accurately 
eloeed by means or a small hd 
of cork or was, c, during the pny 
cesa of fermentation. 

337. M"iT a few drops of freah yeaat, or atill better, about 
fifty grains of dry German yeast (128), with the urine in 
the bottle ; and having placed the cork, with its tubes, 
firmly in the neck, weigh the whole apparatus with its cwi- 
tents as accurately as poBsible. Allow the apparatus to 
Btwid a day or two in a warm place, baring a temperatBTB 
of about 70° or 80° i and when the fermentation appeara to 
have entirely ceased, remove the Bmall plug of corlc or wax 
from the tube b, and blow air gently down it, for the pur- 
pose of expelling the carbonic aeid contained in tlie bottle. 
wtd replacmg it with common air. The small plug is thai 
attached to flie tube b as before, and the whole apparatm 
is again weighed. 

338. The amount of loss will indicate the quantity of 
carbonic acid which has escaped through the tube a; but 
as carbonic acid is aoluble, at ordinary temperatures, io 
about ite own buli of water, the portion of acid held in 
solution by the hquid, must be added to that which hM 
escaped. This amount is readily known, since each. cuUe 
inch of liquid, wliiek may be supposed to be saturated wUb 
the acid, must contain about a cubic inch of the f 
weighing rather leas than lialf a grain.* 
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339. The whole amount of carbonic acid formed during 
t'ennentation, therefore, ifl determined hj adding- U> the 
loHB of weight, TinlF a grain for every cubie inch of hqnid 
contained in the hottle, the quantity of which ia known by 
the grajluations on the surface (336). TlinB, eupposing the 
loBH of weight during fermentation to have been 4.1 grains, 
and the Tohime of hqaid in the bottle 1.2 cubic inch, the 
weight of tlie carbonic acid formed must be 4,1 + '^,or 
4.7 grains. 

340. Now, since every equivalent of diabetic sugar 
(CiJ[,,On) ia converted, dunng fermentation, intJj two 
equivaienta of alcohol (Cii/i.O, JO), four equivalents of 
carbonic acid (COj), and two equivalents of water (SO) ; 

C,jH„0„=2(C,ir5.0,SO)+4C03+2ifO; 
it foUowa that every 198 parts by weight of sugar (one 
equivalent), give riao to the formation oi 68 parts of car- 
bonic acid (four equivalents) ; so that every 88 graina of 
carhouie acid wouldTindicat^ 198 grains of sugar ; or in otber 
words, one main of carbonic acid will represent 2,S5 graina 
of sugar. Therefore, by multiplying the weight of earbonio 
acid by 2.25, we obtain tlio weight of sus^ab present in the 
quantity of urine operated on. Thus, in the above 
example, 4.7 grmns multiplied by 2.25 {= 10.57), gives the 
weight of sugar in 250 graina of urine ; which, when mul- 
tiphed by four (350 x 4 =; 1000), represents the proportion 
in 1000 grains of the secretion. 

341. UWatmeat of the portion ^4.— The dry residue left 
after the evaporation of the 1000 grains marked A (335), is 
to be used for estimating the urea, which is usuaUy present 
only in minute proportion in diabetic urine. For this 
purpose, the reaidue is treated with successive small quan- 
tities of alcohol, stirring the miiture with a glass rod, until 
it ceases to dissolve anything more. The alcoholic solution 
is now to be evaporated to dryness on a water bath, and 
the reaidue treated with strong alcohol (absolute alcohol if 
possible, 114), which will dissolve out the urea, leaving 
imdisBoIved most of the sugar and other matters. The 
alcoholic solution thus obtained is to be again evaporated 
to dryness on a wat*r bath, and the residue treated, as long 
as anything dissolves, with warm distilled water, which 
will separate the urea from most of the other matters which 
are leaa aoluble in water. 
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343. The impure aqaeous solution of urea thus obtained, 
is evaporate to a email bulk, and while at a temperature of 
about 190° or 200°, mixed with as much pounded oxalic acid 
{H0.Ci,0s+3Aq) as will dissolye in tbe hquid (14). The 
mixture, after cooling, is immersed in a freezing mixture ;• 
when the whole of tie oxalate of urea, tt^ether with the 
exceBB of oxalic acid, will crystallize out. The Hquid ii 



wured off, and the erystalB gently pressed 
6 of filterini paper, in order to ren: ' 

s possible of the solubfi unpuritiea contained 



between folds of filterini paper, in order to remove as much 



The crystals are to be rediasolved in warm water, and the 
solution thus obtained, mixed and well Btbred with finely 
pounded carbonate of lime (CaO.COj) ha long as any effer- 
Tescence occurs ; by which means the oxalic acid is 
Beparated from the urea, which remains uncombined in ths 
solution (8). After filtering, the aqueous solution, cod- 
tainins the urea, is placed in a email weighed or counter- 
poiseadiah. evaporated to dryness on a water bath, or in 
vacuo OTer sulphuric acid, and accurately weighed ; when 
ita weight will represent the proportion of dbea in 1008 
grains of the urine. 

343. Trealm^it of the portion 5,— The residue left aftw 
the evaporation of the 600 graioB of urine marked B, may 
now be examined, for the purpose of estimating, 1, thil 
water ; 2, uric acid and vesical mucus ; 3, animal extraotiTB 
and ammoniacal salts ; 4, fixed alkaline salts ; anc* 
salts. For this purpose it is to be carefully e 



noniacol salts ; 4, fixed alkaline salts ; and 5, eardi] 
until it ceases to lose weight, either on a water or cfiloride- 



earuiT 
poratea 
„ . iloridfi' 

of-calcium bath, or still better, in vacuo over sulphuric add: 
since by long exposure tj) a high temperature, a portion rf 
the sugar loses five equivalents of water, and becomes 
Terted into a kind of imcTystallizable caramel, tJias i-an 
the residue to weigh leas than it ougbt to do. It is gen^' 
rally a matter of considerable difficulty to expel the la^lE^ 
traces of water from the residue of diabetic urine : fisj 
ordinary purposes, however, this is not of much importance, 
since the small error which it here occasions afiects on^ 
the proportion of the water and animal extractive, and 
that of the two substances of most importance — viz., 
sugar and the urea. 

• A little pounded Ice or snow, mixed wUli about half iUwei^tot 
■alt; or,ln the nlinenw of Ice, a miilurc of oquil wvigbU of n 
BnudDDk and Kaler. will be tuuod tbe ucnl cunienietit tV«zliig mi 
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344. The dry residue B is to be weighed ; and by de- 
ducting i\s weight from that of the iirine uefore evaporation 
(500 graina), the proportion of water is determined ; which 
when multiphed cy two (500 X 2 ^ 1000) , givea the pro- 
portion of WATER in 1000 eraijis of the secretion. 

345. The weight of the dry residue having heen cjirefuUj 
noted, it is to be treated witi boiling water as long as any- 
thing appe^ra bo diaaolve. In this way, tike sugai, urea. 
animal extractive, and alkitline aalta are diaaolved out. 
leaving a small insoluble residue, consisting of yesical 
mucns, uric acid, earthy phosphates, and traces of silica. 

346. The aqueous solution thus formed, is to be eva- 
porated to dryness on a water bath, and retained for sub- 
sequent espeiiments (349). 

347. The weight of the matter insoluble in water (345), 
having been noted after careful drying, it is to be incine- 
rated until the residue becomes white or pale grey. The 
ash thus ohtamed is to be weighed ; and its weight, multi- 
plied by two, fiimishes the proportion of babtht salts in 
1000 grains of the urine. 

348. The difference between tie weight of the ash, and 
that of the dry insoluble residue previous to ignition (347) , 
repreaenta the quantity of insoluble organic matter, con- 
sisting of 0E1C ACID and MBCtrs in 500 grains of the urine ; 
which must be multiphed by two, as in the former cases, 
in order to give the proportion in 1000 grains of the se- 
nretioD. 

349. The dry residue obtained by evaporating the aqueoua 
solution (346), consisting of the soluble matters of the urine. 
is now to be weighed. It eonaists of two portjons, the 
organio or combiisbble, and tlie inorganic or incombustible. 
The relative amounts of these two portions are determined 
by incineration ; the weight of the ash representing the 
FiXBD ALKALINE SALTS in 500 grmus ; which, as before, 
is to be multiphed by two. 

350. The loss of weight experienced during incineration 
(34S), which, is that ot the soluble combustible matters — 
via., sugar, urea, animal extractive, and ammoniacal salts, 
is also to be multiplied by two. Now since we know from 
our experiments with the other portions of mine A and C. 
IJie weight of the sugar and urea (340, 343), we can, by 
deducting their combined weights from the amoimt of 
loss during ignition, obtain the proportion of animal 
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EXTRACTIVE and amuoniacal aALTB, contuned in 1000 
grains of the urine. 

361. Tlius we shaJl have determined the proportions □ 
tlie ecreral ingredients of the nrise, which together shooli 
amount to a faction leas than 1000— viz., 
Water 

Uric airidandmocna , 

Animal extract and anunoniacal saltd , . , 

Fixed alkaline salts 

Earthy salts 

1000,00 



a illustrate itjj usnal composition. 

Aaalyte) I. S( 11. (Sim 



Specific gravit}/ 1018 ... 1016 

Water 967.00 ... 960.00 

Solid constituenta 43.00 ... 40.00 

Urea traces ,,, 5 

Uric acid traces tn 

Sugar 39.80 ... 2E 

ExtmotiTe matter and soluble salts 2.10 ... ( 

Earthy phosphates 0.52 ... C 

Albumen ., traces ... tn 

Analyses III., IT., ^ V. (Or. Perey). 

. 1035 ... 103£ 



Sohd conetituentB 105.50 

Urea 12,16 

Uricacid 0.16 

Sngu 40.12 

Eirtractive matters and 



soluble saltB.,. 



53.06 



Earthy phosphates... 
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Urea 8.37 

Uric acid notudlated 

„ 134.4S 

ExtractiTe matters and soluble salta . . . 30.34 
Earthy phosphates 0.38 



^^^H Analysis VI. {Bouckardat.) 
^^■Water 837.58 

i 

^^» CHAPTEE Vni. 

QUANT ITATIVB 

353. In the quantjtative analysia of albununooB urine, it 
is UBual to estimate the following ingredients ; tbongh for 
many purposes it is sufficient merely to determine the pro- 
portion ofalbumeu, either with or without tliat of the urea : 
— 1, water ; 2, urea ; 3, albumen, with traces of uric acid ;• 
4, veeical mucnB ; 6, imimal extractive and ammonia^al 
salts ; 6, fixed alkaline salts ; aiid 7, earthy salts, 

354. l}reatment qf the portion A, — Two portions of the 
urine, marked respectively A and B, each weighing 500 
grains, are to he evaporated to dryness on a water &th.t 
The portion A will servo for the eBtimation of the urea ; 
and tne portion B for that of the other suhetances above 
enumerated. 

355. The residue left after the evaporation of A, is treated 
with hot alcohol, to dissolve out the urea. The alcohoUc 
solution is evaporated to dryness on a water bath, and re- 
dissolved, as far as it is capable, in hot distilled water ; the 
aqueous solution thus obtained, is evaporated to a small 
bulk, and mixed with pounded oxalic acid in the manner 
described in the analysis of diabetic urine (342). The 
oxalate of urea is afterwards decomposed by means of car- 

* Oriha QrlcHcld mAjbe eBZlmued Bcparal^ly ; aee pank^Lph 363, 
t If Ills LntcIKled U> enlmilU Ilie uric utid sepuatelj, a third portic" uf 
urine, wolghlng 1000 grntiu, wlU alaa be requinxl (3^3). 



^ 
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bonat^ of ]imo in the manner already detailed ; tte weight 
of the urea obtained being mukijjiiea by two, in order to re- 
present the proportion ol V BEa in 1000 grains of the urine. 

356. Trcalmeni of fke portion B.—The residne left ^Wr 
ike cTaporatJon of B, is now to be examined. When it 
haa ceased to lose weight by eiposuie on the water bath, 
the weight of the residue is to be noted ; and the loss which 
it h^ BUBtained during eraporation, mijtiplied br two, will 
represent the amount of w*TEB in 1000 grains of the urine. 

357. The dry residue, when cold, is to be carefiiUy 
reduced to powder in a clean dry mortar, nhieh Bhonld be 
placed on & large sheet of wliite paper, in order to catch 
any particles that maybe projected out of the mortar during 
the pounding. The powder ia to be boiled with dislillod 
water, whidi will dissolTe out the urea, aninia] extractiTe, 
and soluble salts ; leaving an insoluble residue of coagulated 
albumen, uric acid, mucus, and earthy salts. The niixtnre 
is then filtered. The solution thus obtained, we will call M, 
and the insoluble matter, N. 

358. The solution M is to be evaporated to drynesa on 
a water bath, and subsequently examined in the manner 
described below (361). While the evaporation is going. on, 
the insoluble matter N may be operated on (359). 

359. The inaoluble matter W, consisting of albumen, 
uric acid, mucus, and earthy salts, is to be carefiiUy de- 
tached trom the filter while still moist. It ia then wanned 
for B, few seconds with a httle dilute nitrio acid, (conaistinc 
of one part of strong acid and about sis parts of water j^ 
and well stirred with a glass rod, in order to dissolve out 
the earthy phosphates. The inaoluble portion is to be 
washed with a little warm water (360) , and the acid solution, 
togethet with the washings, then evaporated to dryness on 
a water bath. The dry residue is weighed, incinerated, and 
weighed again ; when the weight of the incombuatlblB 
matter, multiplied by two, wiirreprcsent the proportion 
of EABTHT PHOSPHATES in 1000 parts of the unne ; while, 
the loss which tbe mixture sustamed during incijieratioD« 
also multiplied by two, will represent the amount of TKHicis. 

360. The portion of N which proved insoluble tn flw 
dilute nitric acid (359), consisting of albumen with probaUr 
a httle uric acid, ia to be dried on awaterbath, and wrigheij 
The weight, multipUed by two, will represent the — 
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tion of iLBUiiEif aud deic acid in 1000 grains of tliB 
urine, Thia residue should be tested for uric acid, by 
means of nitric at'id and ammonia (23), and if it appears to 
be preaent in any corwiderable quantity, it may be estimated 
from a separate portion of urine (363). 

361. The evaiwrated residue left by tie solntionM (358), 
containing the nrea, animal extractive, and soluble salts, 
must now be examined. After its weight boa been aacer- 
taiued, tlie dry residue is to be gently iffnited, until the 
incombustible matter becomes white or pale grey. The ash 
thus obtained is then weighed ; and its weight, multiplied 
by two, will represent the proportion of fixed alkaline 
SAXTS in 1000 grains of the urine.* 

362. The loss of weight which the residue sustained 
during incineration (361) being due to the combustion of 
the nrea and animal extractive, and the volatilization of the 
ammoniacal salts, derived fiwm 600 grains of urine ; we 
obtain, by doubling it, the amount of those substances con- 
tained in 1000 grams. From this we deduct the proportion 
of urea, which we have already ascertained (355), and the 
difference will represent the amount of abihal bstbaotivb 
snd AMMONIACAL SALTS, Contained in 1000 grains of the 
secretion. 

363. If it is required to estimate the proportion of uric 
acid in albuminous urine, which, however, is seldom neces- 
sary, since there is not often more than a small trace of it 
present, a separate portion of urine must be used for the 
experiment. For this purpose, one thousand gr^ns are to 
be boiled for about a quarter of an hour, and filtered from 
the copulated albumen. The filtered hquid is then con- 
centrat^l to about one-fonrth its bulk, by evaporation on a 
nat«r bath, and, after the addition of a few drops of hydro- 
chloric acid, set aside in a cool place for forty-eight hours. 
The tisic ACID, if present in any notable quantity, will 
gradually crystallize out, mixed possibly with traces of 
hippttric acid (25), which may be washed out with a little 
alcrfiol (28). The weight of the residue will then, aft«r 
drying on a water batu, represent the proportion of the 
aoid in 1000 grains of urine. 

364. Thus we shall have complotod the analysis, having 
determined the proportion of the several ingredientfl pro- 

• During this fgnitLoTi, Iracos of the aUiallno ehlatiiiM are ilwnjj voLMl- 
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tion of ALBOMBB Bjid UBic iCiD in 100(> ftjaiaa of the 
urine. This rpsidue should be tested for uriu acid, by 
Tueans of nitric arid and ammonia (23), and if it appears to 
be present in any conaiderable quantity, it may bo estimated 
from a neparati} portion of urini; (363). 

361. The evaporated residue left by the solution M (358), 
conttuning the urea, animal extraebve, and soluble salts, 
must now be examined. After its weight baa been aacer- 
tained. the dry residue is to be gently ijpiited, until lie 
incombustible matter beeomes white or pale grey. The ash 
thus obtained is then weighed ; and its weight, multipUcd 
by two, will represent the proportion of fixed alkalinf. 
SALTS in 1000 pjama of the urine.' 

362. The loss of weight which the residue suxtajned 
during incineration (361) being due to the combustion of 
the urea and animal extractive, and the volatilization of the 
ammoniacal salts, derived from 500 grains of urine ; we 
obtain, by doubling it. the amount of those substances con- 
tained in 1000 grama. From this we deduct the proportion 
of urea, which we have already ascertained (355). and tbi.> 
difference wiU represent the amount of aniual extbactitb 
and AMUONUCiL salts, contained in 1000 gmna of the 
secretion. 

363. If it is required to estimate the proportion of uric 
Amd in aJbuminons urine, which, however, is seldom neces- 
stuy, since there is not often more than a small trace of it 
present, a separate portion of urine must be used for the 
eiperiment. For this purpose, one thousand griuna are to 
be trailed for about a quarter of an hour, and filtered from 
tlie coagulated albumen. The filtered liquid is then con- 
centrated to about one-fourth its bulk, by evaporation on a 
water bath, and, after the addition of a few drops of hydro- 
chlorio aeid, set aside in a cool place for forty-eight hours. 
"" OBin ACID, if present in any notable <juanti^, will 

lually crvstalliite out, mixed possibly with traces of 
nric arid (35), which may be washed out with a little 
bol (28). The weight of the residue will then, after 
~k on A water bath, represent the proportion of the 
■ 1000 grains of urine. 
""ins we shall have completed the analysis, having 
il the proportion of the several ingredients pni- 
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posed ; which when added together, should amount to a 
fraction less than 1000 grains — viz., 

Water 

Urea 

/Albumen 

I Uric acid 

Vesical mucus 

Animal extractive and ammoniacal salts 

Fixed alkaline salts 

Earthy salts 

Loss 

1000.00 



365. The following analyses of albuminous urine, in cases 
of Bright's disease, will serve to show its usual composition. 



Anah/ses I. ^ II. (Simon). 

I. 

Specific gramiUf 1014 

Water 966.10 . 



Solid constituents . . . . 

Urea 

Uric acid 

Fixed salts 

Extractive matters 
Albumen 



33.90 
4.77 
0.40 
8.04 
2.40 

18.00 



n. 

1022 

933.50 

66.50 

10.10 

0.60 

10.00 



33.60 



Analysis III. {Dr. Percy,) 

Specific gramty 1020 

Water 946.82 

Solid constituents 53.18 

Urea 7.68 

Uric acid and indeterminate animal matter 17.62 

Fixed soluble salts 5.20 

Earthy phosphates 0.14 

Albumen 22.64 



PART 11. 

CALCULI AND CONCEETIONS. 



CHAPTEE 1. 

URINARY CALC 



366. Ueinabt calculi are compoBed, in tlie great majority 
of caBCB, of Bubatances whicb arc eonUuned in tealthy urine, 
Huch B£ uric acid, urate of ammonia, and the phoapLateB of 
lime and magnesia j they are, however, occaaionally ram- 
posed of BubBtanees wliioh are met with only in morbid 
urine, each ae oxalate of lime, cystine, &c. Other suhstanccB 
also, which may strictly he called accidental, are occaaionally 
contained in calcnh ; Euch aa &a|rmentB of sand, or other 
hard bodies, which have accidentally found their way into 
the kidneys or bladder, and there formed nuclei, round 
which the earthy phosphates, or other matterB, have gra- 
dnally been depoaited. Calculi always contain, in addition 
to the ingredients of which they mainly consist, more or 
less anim^ laatter ; such as dried blood and urine, vesical 

367. Cnluuh are found to consist ocoaaionally ahnost 
entirely of one ingredient only, but more frequently of two 
or more different constituents arrauged together in irregular 
concentric layers. On thia account it is impossible to aeter- 
mine, with any degree of certainty, the nature of the mass of 
a calculus, by merely eiamioing the external coating, since 
the more central portion may be of a nature wholly different. 
The best way is to divide the calculus into two equal parts. 
which is esaUy done by carefully cutting it through the 
centre with a fine saw. Fig. 61 represents a mixed ealculus 



r 

ft 




divided in tl 
darker layers consisted, in the 
specimen from which the 
c&awimg was made, of osalate 
of lime, and the hghter ringa, 
ofuricwid. When a cbIcuTus 
is thus found on examination 
to consist appHj-entlj of two 
or more kintfe of matter, frsg- 
moDts of each kind should be 
carefully detached and sepa- 
rately examined (411),* 



UAc (or Lithic) Add (CijN^H^Oj). 

368. TTrio-acid calculi are usually smooth ae i 
tuberculated on the surface (Fig. 63), and of oolom^fl 
irom palo yellowish farni, t 
reddisE brown. When saw ..j^^ 
through, the layers will generally fc^^H 
befound to be tolerably regular, "B^^^ 
though of different thicknesses, ^^^"^ 
and nearly parallel to the out- 
hue of the section. This is the 

most common of all the urinary Fig 55 Unc-acid ciIouJub 
calouh. 

369. Heat a small fragiaent of the cftlculus with the 
blowpipe on platinum foil ; it immediately blackens, owing 
to the charring of the anim^ matter, emitting at the Mine 
time a disagreeable smell, resembling that of btimt feadiOT, , 
mixed with that of hydrocyanic acid (H,C,N), wMdi, , 
together with carbonate of ammonia, and some other 01 
pounds, is formed during the decomposition. If ti»e i 
be oontinned, the charred residue is gradually a 
leaving only a alight trace of ash, which is usually aj 
to test paper, consisting of phosphate or carbonate o: 
Traces 01 the earthy phosphates, also, are almost alw 
be found in this and most other rorieties of calculi. 
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370. Uric acid is insoluble in water, and nearly so in 
dilute a«ids (22). 

371. A little of the calculus in powder iB placed in a drop 
or two of tolerably Btrong mtric acid, in a watch-glaaa, or 
on a strip of glaas ; it diaHolvea with efferveBcence, carbonic 
acid and nitrogen being given ofiF, and a mixture of alloxan 
(CJSM,0,„), Sloiaiitine"(C^B:3NsOJ, and aome other com- 
ponnda, remains. This ia evaporated near^ to dryness at 
a gentle heat, when a red residue is left, which. ti>Aea cold, 
and treated with a drop of ammonia, or exposed to ammo- 
niacal fiimes, becomes purple, owing to the formation of 
murexide (CiiNsH^O,). 

372. Uric acid diMolvea in a solution of potash, leaving 
only a few shreds of animal matter ; and when the mixture 
is warmed, no smell of ammonia ia perceptible, thus differ- 

Xfrom the urate of ammonia (377). On neutralizing the 
line solution with any acid, as hydrochloric, a white 
precipitato of pure uric acid ia thrown down, which, when 
separated by nitration, maj be tested ndth nitric acid and 
8 described m 371. 



373. If the precipitated uric acid be examined under the 
laicroaeope, it will be found to consist of minute crystala, 
having the form shown in Fig. 3, page 6. 



TTmte (or LUhaie) of Am 

374 It is not often that w 
whoDy of urate of ainmonii . 
commonly found altematmg 
with tmc acid, earthy phos 
phateSjOrothermatterB. ThcHe 



culated (Fig. 53); and pale 
slate or clay colour, sometunes 
inclininff to brown. The con 
centric layers are usually thm- 
ner, andless distinctly marked, 
than those of uria acid. 



o (NH,0,C,oN,H,0„). 




rl06 
375 
tolera 
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375. When healed before the blowpipe, urat« of am- 
UBually decrepitatca, graduallv disappears, and in 

other respects behaves like uric acid (369). It disBolves 
tolerably well in hot water ; but being ingoluble, or nearly 
BO, in cold, is deposited a^n when the solution cools, as an 
amorphouB precipitate. If a dilute arid, as hydrochloric, 
be added to a hot solution of urate of ammonia, the latter 
is decomposed, and the orio acid set free ; which, beinc 
insoluble even in hot water, is precipitated in the form a 
minul* ciyatals (Fig. 3, page 6). 

376. With nitric acid and ammonia, urate of ammonia 
produces the same results as uric acid (371). 

377. Urate of ammonia dissolves readily in a warm solu- 
tion of potash, giving off at the same time ammonisoal 
fumes ; by which it may be distinguished from une add 
and urate of soda. The addition ofa dilute acid to the hot 
solution, causes a crystalline precipitate of uric acid (373). 



Photphite of Lime (8CaO,3POJ. 

378. Calculi of phosphate of lime are most conunonlT 
smooth and even poUehed on the surface. The concentne 

laminie are generally arranged 
with conuiderable regularitt' 
(Fig. 54) J and when the cal- 
culus is broken, these eepanU 
irom each odier with great 
facility, forming detachei 
Fi£ fi4 crusts. The colour ia uBnallF' 

Phoapliato-or.Hme caloulus pgjg fa,^, Or stone colour. 

379. Before the blowpipe, it chars, owing to the presenet 
of a little animal matter ; and gradual^ becomes white, ■ 
the carbonaceous matter burns away. It is almost infonUft 
requiring for its ftiaion so intense and prolonged a heib 
that few' can succeed in fusing it, 

380. The residue, after igmtion, is neutral to test pwati 

381. It is soluble, without effervescence, in dilute nrtw 
or hydrochloric acid (49). 

382. Divide the solution in nitric acid, formed in tkt 
last experiment, into three parte, and neutraJuse tlie fini 
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pm^Dii with ammonja; the phosphate of Ume is again 
thrown down unchanged, in the form of a gelatinona amoi- 
phouB precipitate (49). 

383. To the second portion of the acid solution, add a 
drop or two of nitrate of flilver, and cautiously neutralise 
the mixture withdilute ammonia; a pale yellow precipitate 
of phosphate of silrer (SAgO.POj) wiH "be thrown down, 
which is soluble both in ammonia aud nitric acid. 

384. To the third portion of the nitric aeid solution, add 
dilute ammonia untO it is nearly neutr^, taking core that 
it is not added in sufficient quantity to cause the precipita- 
tion of the phoHphate of lime (382). Teat the solution with 
oialate of ammonia, which throns down a copious white 
precipitate of oxalate of lime (47 b). 

385. If a Uttle of the pounded phosphate of lime he 
mixed with ahout twice its hulk of the douhle phosphate 
of ammonia and magnesia, or triple phosphate (MgO, 
NHjO,HO,POj), and heated before the blowpipe on pla- 
tinum wire, it readily fiiacB. Tbe/udble calcwlv^ is com- 
posed of a similar mixture of the two salts {391). 



Piosphaie of Ammonia and Magnesia, or Triple 
Fliosphate (MgO,NH,0,HO,PO,). 

386, Calculi composed entirely of triple phosphate are 
of somewhat rare occurrence ; but mixed, or afternatine 
with other matters, and indeed constituting the great bulk 
of the concretion, this substance is very common. Such 
calculi are sometimes found to have been deposited in con- 
centric layers, and sometimes consist of an aggregated mass 
of prismatic crystals. They are usually nearly colourless, 
or slightly tinged with drab or stone colour. The surface 
is most commonly rough and uneven, and often covered 
with small, shining crystals. 

387. The triple phosphate, when heated before the blow- 
pipe, chars, and gires off the smell of ammonia ; swells up, 
gradually becomes grey as the carbonaceous matter is con- 
sumed, and ultimately fuses, 

386. It is almost insoluble in water, but if boiled, a small 
quantity will be found to dissolve. 



page 1 
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389. It dissolve* readily in dilute liydroehloric, and 
moat other acids, and i» agtdu tlirown down, in the form of 
a wryBtaUine precipitate, when the solution is neutralized 
with ajninoma. If the precipitate thus obtained be 
examined under the mivroscope, it will be found to consist 
of well defined cryBtals, which, if the solution has be«i 
HuperBaturated with the aumioiiia, are stellate (Fig. 10, 
" -I 15) ; but if merely neutralized, they are prismalia 

e 15), (44). 
inn). vv nen heated with a solution of potaali, it is decoiB- 
poeed, the potash combining with the phosphoric: acid, and 
aettiriB free tlie ammomo and the macnesia. The former 
volatilizes, and may be detected by the amell, n^hile tlie 
magnesia Is precipitated (49). 

MgO,KH,0,IIO,PO.+2S'0=2XO.^O,POB+NH, 
+ MgO,H0. 



IPiuihle nalealia, which ii a mixture cf Phosphate of lAnt 
(8CaO,3POi) and the Double Phosphate of Ammonia 
and Magnesia (MgO,NH^O,HO,POs). 



391. The fiiaiblc matter of which tiiiB form 
compoaed, is, next 
ingredients of calcnh. 



calcnlus 

id, the moBt commoa of the 
ititutes the 



IB of the calculus ; is also frequently found Bll«maliiig 
with other ingredients ; and wcj 
commonly forms the oat«r crijit 
of calculi composed of uric arad ui 
other matters. Fusible calonU 

eenerallr oval or irregular in ft 

(Fig. 5S) ; white, soft, and triaUe^ 
¥ie. S5. FaaiblB GalculuB. fMemblmg chalk ; though Oceaik 
allji they arc compact and hard 
392. This calculna is chiefly characterized by the 'Kt&' 
ncsB with which it fuses before the blowpipe, without bnltf 
consumed ; in which respect it differs from all other Idiuk 
of calculus. During the ignition, the ammonia and t 
are eipeUed, leaving a mixture of the phosphates of 
and magnesia. 
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393. If a portion of the caleuiua be dissolved in diiuti? 
hydrochloric acid, nearly neutralized with ajiunonia,, and 
treated with oxalate of ammonia, the lime ia eepsrated es 
oxalate (47, 6), while moBt of the magneBia remains in bo- 
lution. 

894. If the ammonia he added to the acid Bolution of the 
c^t'uluB (393) until it causes a precipitate, the mixed phos- 
phates of lime, and of ammoma and mairnesia are thrown 
down. When examined imder the niit'rosctipe, the first 
appeara as an amorphous ponder, the latter distinctlj 
erystaUine (43). 




Oxalate-of-Lime Calculus (CaO,C,0,). 

395. Calculi are not unfrequently met with, composed 
ahnoat entirely of oxolateof lime; but more conmionly the 
nucleua will be found to congiat of uric aeidonirate of lime. 
Oxalat«-of-lime ealcuU ore usually very dark in colour, 
either brown or dark olive, or a _ 
kind of dirty purple. Their surface 
IB much more irrefrular and rugged 
than other descriptionB of calcuh ; 
and when sawn aeunder, they 
exhibit an irregular and angidar 
Btructiire, as shown in figure 58. 
From their resemblance to the fruit 
of the mulberry, this variety \» 
commonly known as the iBu^Sej-ry i'''S m OsiaiJte-oi-iimc 
ealcslaa. 

396. There is aUo another form in which oxalato-of-limo 
ealcoli are occasionally met with, commonly called hemp$eed 
oajculi. These are small, round or oval, and very smooth 
and polished on the exterior ; they generally contain also a 
little urate of ammonia. The general form and appear- 
ance of theso oxalate- ot'-lime calcuh, are usually so peculiar 
and characteristic, that they may he, in most c&es, easily 
recogniaed by simple inapection. 

397. Pounded oxalate of lime diasolvea without efferves- 
cence in dilute nitric and hydrochloric acids, and is again 
thrown down unchanged, in the form of a white precipitate. 
when the acid solntion ifl neutralized with ammonia. Occa- 
BtonaJly a httle carbonate of lime is found mixed with the 
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oiaLkte, in which csbb, elight cfTeTreBcence will, of courae, 
take plfice on the addition of the acid. 

398. Oxalate of lime ia insoluble in acetic and oxaUi? acids. 

399. When heated before the blowpipe it blackens, and 
giveg off a diaaareeable gmell, reftcmblina that of buml. 
fcathera. If the heat be continued a abort tune, the residae 
becomea white, and then consists of carbonate of lime, into 
which the osalatfl is converted; cm-bonic acid beineaJso, 
with otter gaaeoua matters, at the same time given off. 

CaO,CsO,+0=CaO,C03+COj. 

400. Treat the residue formed in the last experiment 
with dilute hydrochloric add; it readily dissolve 
effcrveacence. showing that it haa been changed i 
carbonate. 

401. The solution of chloride of calcium (CaCI) thus 
formed may be neutralized with ammonia, and teal^ for 
Hme with oxalate of ammonia, which will throw down the 
oxalate of lime (CaO,C,03+2AqJ, in the form of a wl^te 
precipitate (171). 

'103. If the oxalate of Ume bo kept intensely heated fc* 
some httle time, the carbonate which is at first formed is 
reduced to the state of caustic lime (CaO) ; which may be 
proved by placing the residue, when cold, on a piece of 
moistened turmeric paper, the yellow colour of which wiH 
be turned to brown. 



Urate [or LitAale) of Lime (CaO,C,„IS",H.Oj. 

403. This substance, though never found compoaine 
entire calculi, is not un&^quently present in small qoanb- 
ties in concretions which consist chiefly of uric acid, oxalate 
of lime, or other matters. 

401. Urate of lime ia nearly insoluble in cold it 



disaolves in hot, though somewhat less readily than urate 
■ ■""' The b ■ 

■ in the form of minal 

«a, it is decomposed by hydro- 
chloric acid. If the acid be added to a hot aqueous sohitjiia 



ammonia (375). The hot aqueous solution deposits it 

on coofing, generally in the '' •■ ■ - ■■ 

d erystala. 

. Like the other urates, it is decomposed by hydro- 



aeain on coohng, generally in the form of minute needle- 
shaj ' ■ ' 



taped erystala. 
406. Like th. 
idoric acid. If 
of the salt, a crystalline precipitate of 
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UKmABT CALCULI. Ill 

, Bud chloride of calcium remainB in Bolnlion. 

as>,+sa= C(ia+so+ c,^jH,o,. 

eated with nitric acid and amnionic, in the 
9d in paragraph 371, urate of lime beh&Yea 
kd the other nratee, yielding the rich purple 

■ tiie onl^ salt of lime found in calculi which 
t wnter, it roar be supposed to be present 
ing a little of tne pounded cidculuB in water, 
aohition gives a white precipitate of oxalate 
■ted with oxalate of ajnmonia (171). 



SBCTIOH IX. 

of cystine are of rather r 

J more or less CTyHtaUine in Htracture, not 

oinn, soft, and of a pale brownish, yellow or 

Small calcnh composed almost exclusively 

« ue frequently found in the dog. 

mical characters of cystine, and the methods 

g it by tests, will be found described in tbe 

OB (l72, 269, &c.) 

lUed table shows the principid peculiaritieB 

irieties of urinary calmib. 



CHAPTER II. 



, calculus has to be examined with a view to 
I nature of its ingredients, a veiy few simple 
nductod on some such plan as the following, 
unish the required iiubrmation. The ceQ- 
rst be sawn through, and the looee dust 



1 



112 

gently brushed away. If the seTeral lamina of which the 
masB IB composed appear to be homogeneous, and to conBigt 
of the same kmd of matter, a small iragmeot may be taken I 
iirom any part of it for examination (412) ; but if, as is more ' 
frequenuy tlie case, there appear to be two or more differMt. 
kinds of matter contained m the Beveral layers (367), frapf 
mentH of eat:h of them should be earefuUy detached (ram 
the maa8,0Jid examined separately in the following mannet 

412. Place a small fragment on platinum foil, and heat it 
to redness before the blowpipe, until the blackness of 
charred animal matter diaappoara. Observe whether,— 

(a) It BDENB iWAY, LEATINa ONLY A MIBDTB TSAOI 

OF ASH (413) ; 
(6) It pboves incombhstiblb, without katkrialcV 

(e) It is PABHitiT cossdmbd, leaving, however, > 
considerable residue of incombustible matter (415). 

413. If it BtiEua aw at, leaving only a minute trtwe C 
incombuatihle ash, it is probably either uric acid, urato e 
ammonia, or L'yetine ; or possibly a mixture of two or n 
of them. See 416—419. 

414. If it IB iNcouBVBTiBLE, not materially lessening^ 
in bulk during the ignition, it is probably either phoaphMj 
of lime, triple phosphate, fusible mutter (391), oxalate ct 
lime (oonvMled into carbonate by the heat), urate of li 
(also converted into carbonate) ; or perhapa two or morfr 
of those substances mixed together. See 430 — 426. • 

415. If the fraumebt is pabtially conbcmbd, it w3l 
probably be found to consist of a mixtare of one or mors 
of tlie combustible substances mentioned in paragraph 41%! 
with some of those enumerated in paragraph 414. Sw 



Hxamiiiation of Combustihle Calculi (413). 
416. If the calculus (in powder) is found to be iNSOI.t;BUI 



■ SOLUTION OF fotao^ 

without the evolution of ammonia; and to form, 

tested with nitric acid and ammonia, a tubplb BBaiDiVi 

it is probably ubic acid (370, 372. 371), (Confirm 373.) 

417. K it is found to be soluble in hot wat4 

» SOLUTION OF POTASH, with the eYolution I 

moniacal fumes; and to yield, with nitric acid i 
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is probably urate or 
AMMONIA (375, 377, 376). (Conflrm 373.} 

418. If it ia found to bo insoluble in wabm watee ; 
readily solublb in ammonia; the amraoniacal Bolution 
yielding, on slow evaporation, hesagosal crystalline 
PLATB9, it k probably oystibb (174. 173). (Conlimi 174, 
271, 273.) 

419. If it is suspected tbat more than one of tlie above 
Bubstancea are present, a little of the powder may be boiled 
with water, and, if any portion remains nndisHolved, the 
nuKture filtered while &ot. 

{a) If tiie clear filtered liquid deposits, on coolibg, an 

AMOBFHOUS PEECIPITiTE, 08ATE OF AMMONIA ia probably 

present (375). (Confirm 417.) 

(i) If the insoluble portion gives a pl'bple coLoua when 
tested with nitric acid and ammonia, ubic acid is probably 
present (371). (Confirm 416.) 

{c) If the insoluble portion is wholly or partially soloble 
IN AMMONIA ; the aramoniaeal solution yielding, on evapora- 
tion, HEXA&OKAL PLATES, CYSTiNB is probably present (173). 
(Conflrm 418.) 

Examiiuttion of Incombustible Calculi (414), 
^0. If the matter of the ealpnlna is infusible bbfoee 

THB BLOWPIPE; SOLUBLE IN DILUTE HYDHOCHLOBIC ACID ; 

tUc acid solution of tlio substance after ipiition, yielding, 
when neutraliaed with ammonia, an amosphous pbbcipi- 
TATE, it is probably phosphate op lime (379. 381, 382). 
(Confirm 383, 384.) 

431. K it is tolbbsbly fusible before the blonyipe ; 
SOLUBLE in dilute hvdeochlobic ACID ; the acid solution 
giving, when neutralized with ammonia, a cetstallinb 
PBBCjpiTATE, it is probably tbipib phosphate (387. 389). 
(Confirm 390,) 

■^2. If it is beadily fusible before the blon'pipe ; 

BOLDBLB IN DILUTE HTDBOCHLOBIC ACID; tllO BL'id SOhl- 

tion yielding, when supersaturated with ammonia, a pbb- 
PIPITATE, wliiell when examined under the mieroscope, ia 
found to contain both amoefhous pabticlbs and also 
CBYSTALLINB 8TELLS, it IS probibly compoBed of the 
uiSBD, OB FUSIBLE PHOSPHATES (392, 394). (Confirm 
393.) 
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423. If tte aubstanue, previous to icnition, is sotuBLB 
wiTHorT EFFEBTESCBKCE in dilute hydroehlorie aeid; the 
acid solution yielding a. white pbecipitatb when neu- 
THALIKED WITH AMUoniA ; and after eentle ignition, is 
SOLTTBLEWITH EFBBETESCBtfcE iu the difilfi acid ; the acid 
aolution, moderately diluted, now yielding no psecipitatb 
when neutralized with animonia, it ia probably oxalate 
OP LIME (397, 400, 401). (Conflnn 398, 402.) 

424. If the hot aqueoaH solution, formed by boiling a 
little of (he pounded ealeulua with water, gives a ■white 

TJEATB OP LIMB 18 indicated (407). (Confirii 404, 405, 406.) 
435. If it ia auapected that more thnn one of the above 
Bubstancea are present in the portion of ealeulua undo' 
esaminatioa, it may be gently ignited, and then treated 
with dilute hydrocmoric acid, 

(a) If EFFEHVEacENCB ensttbs (the calculuB, previoua 
to ignition, not causing effervescence with the aeid). oxaJato 
(or poaaibly urate (c),) of lime is probably present (397, 
400). (Confirm 423.) 

(b) Superaaturate the acid sohition with ammonia ; and 

microseope for PHOSPHATE op lime andTEiPLE phosphatb 
(382, 389). (Confirm 420. 421.) 

(c) Boil a little of the pounded mIl-uIus previous to 
ignition, vrith water ; and test the Aoi aqueous solution 
liua obtained, with oxalate of ammonia. If a whitb PEE- 
ciPiTATE is produced, ueate of lime is probably preisent 
(407). (Coniirm 424.) 

Examination qf partially Combustible Calculi (415). 

426. When the calculus, or any portion of it, is found to 
be partially eonanmed when ignited, it ia probably a mixtoTB 
of one or more of the combustible mattera enumerated in 
parap^ph 413, asBociaf^d with one or more of the income 
bnstible ingredieutB mentioned in paragraph 414. 

427. A portion of the calculus, previous to igniti( 
flrat be examined for the organic or combustible ingredient 
in the manner deacribed in paragraph 419, a, h, &. c. 

428. Another portion of the caleulng may then be gentif 
ignited on plationm foil, and the residue examined tor thii 
inorganic mattera, according to the directions given ' 
paragraph 435, a, b, & c. 
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^^M CHAPTEB m. ^ 


^^f BILIABY CAL 


ULl OH GlLl-STOBES. ' 


429. Biliary calcuU a 


re usually of a pale yellow or 


browmgh colour; soft, 


aoapy to the touch, and easily 


crushed into Hmall fra^menta by prea- 


■A' m'^t' 


and the texture of the mass is in J 


EBses decidedly crystalline. The 1 


^rt ^^.^^^ size moat commonly met with, ia about 1 

^^ ^^^ that of a pea; but they are frequently 1 

^^^f foimd m.-aeh smaller, and occasionally as | 


Biliary calaah. gener 


Bs a pigeon's egg. The form ia 


gular 


as shown in iigiu^ 57. 


430. They uBuaUv con 
of choloBterin (C„H^O) 


sin from fifty to eighty per cent. 


the rest of the concretion being 


made up of bilimy res 


n and colouring matter, mucus, 


and tracM of other anim 


al matters, with a amall quantity 


of inorganic salts. The 


composition of three Bpeeimens ■ 
aa follows :- J 


analyzed by Brande was 


Cholesterin 


. .. Silas ... 6976 ... 81,77 ■ 


Biliary resin 


312 6 66 ... 3.83 ■ 


Bile pigment 


9 38 11.38 ... 7.57 1 


Albumen and salts 


H 


tractable by watei 




Biliary muena 


625 1320 '.'.'. — 




foil; itwillbiini mlh a 


iri!;)ii l>ut smoky flame, leaTiug a 


small faL-diT.-ian, .n- 


-lui, ■ 1 111 urgamo salts. 




432 When coarsely 






1^ readily ia boiling al- | 




cohol , and on coolmg, 1 




— the cholesterin crys- 1 




— taUizesoutin the form 1 




of fine scaly cryatala ■ 
(Fig 58), while the 




biliary resinous and 




— ■ colouring matters re- 




mam m solution, giv- 


^^b FiA 69 ChDlBsCe 


ing the liquid a 1 
"" yellowish tinge. 1 
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433. It is insoluble in dilute aitrin and 1 

434. It is insoluble also in a solution of p 
differing from other fatty and oily BuTsstftncefl, which cho- 
leBtain resembles in many reapetrt*. 



i hydrochloric ^ 
f potasli ; thai 1 



C'lIAPTElt IV. 



435. These eartJiy eoncretionH, which form in the joints 
of Bouty persons, are usually white, or neiu-ly so, soft and 
friable, closely resenibUng dial It in appeiiranKe, and henre 
commonly known as chalk atimes. They seem to Tary 1 
good deal in composition ; but in the great majority of those 
which have been analyzed, urate of soda (NaO,C|„N,H,0,) 
appears to form the principal and most cbantcteriatio iH' 
grodient. They contain aJso a. considerable quantity of 
chloride of sodium and dried cellular tissue ; with oca- 
aionally urate of lime (CaO.Ci^NjH^Op), phosphate of litafl 
(BCaO.SPOJ, and chloride of potassium. The presence of 
a large quantity of uric acid may be shown by the forms- 
tion of the purple-coloured murexide, when a little of tie 
concretion, m powder, is treated with nitric acid and am- 
monia, in the manner described in paragraph 371. 

Qualitative examination qf Goutt/ Concretiotm. 

436. Seduce the concretion intended for analysis, to 
tolerably fine powder, and digest it in cold water to diBsoIw 
out the chlorides of sodium and potassium. Filter the 
solution fixim the insoluble portion, which must be reserved 
for subsequent examination (440). 

437. Test a few drops of the aqueous solution thai 
formed, with nitrate of silver. A white curdy precipital*, 
whieh is readily soluble in ammonia, but insolublB in nitrie 
acid, will show the presence of CHLORIHB (chloride rf 
sodium) (41, a). 

438. Mis the rest of the aqueous solution with bichloridt- 
ofnlntinum; evaporate the mixture to diyness, (»■ iLea^< 
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BO, on a water bath. ; and observe the yellow nepdle-aiiaped 
cryst-als of the double ehloridB of sodium and platiauiu 
(NaCl.PtCL,) showing the presence of soda (chloride of 
sodium) (41,/). 

439. Add a little alcohol ta the evaporated reeidiie, and 
observe whether any small sandy-loolnng crystals renmin 
undissolved, indicatmg the presenne of potash {41, e). 

440. The portion ^ich ;proved insoluble in cold water 
(436), may now be treated with hot water, and eontlv boiled 
with BueceMiTe small quantities of the liquid aa lonB as 
anything appears to dissolve. The urate of soda is thus 
slowly diBBolved, togetJier with any urate of lime that laay 
be present (97, 404). The matter which proves insoluble 
in th.e hot water is to be retained for subsequent exami- 
nation (441). 

441 . Hydrochloric acid is now added in slight excess to 
the liot aqueous solution, and the mixture set aside until it 
cools, in order to allow the uric acid, which will have been 
displaced from the soda and lime by the hydrochloric acid 
(406), to separate completely from the solution. The uric 
acid is tiius precipitated ; leaving in solution chloride of 
sodium, and also, m case any urate of lime was present iu 
the concretion, a little chloride of calcium. 

442. The mixture thus obtained is filtered. The cbic 
AOm may be examined with the microscope and with other 
testa (373, 371) ; and a httlc of the aqueous solution may be 
neutralized with ammonia, and tested for limb with oxalate 
of ammonia (171). 

443. The rest of the aqueous solution may be evaporated 
at a gentle heat with bichloride of platinum ; when the 
yellow needles of the double chloride of sodium and plati- 
num (41,^ will prove the presence of a large quantity of 
80DA derived from the urate (435). 

444. The remaining portion of the concretion, which 
resisted the action of Ibe hot water (440) may now be 
examined. It will probably be found to consist chiefly of 
dried cellular matter, with perhaps a little phosphate of 
lime (436). The animal matter may be burnt away, by 
keeping it at a red heat until the blackness disappears ; 
after which the incombustible residue may be examined in 
the manner described in paragraph 425, and will probably 
be found to consist of phosphate of lime. 

445. The following is an analysis by T. J. Herapath, of 
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some concretions taken from the joints of the fingers of a 
man suffering from gout :— 

Fat... 1.123 

Chloride of sodium \ 

Phosphate of soda I . 

Extractive matter f ^^^® 

Albumen / 

Urate of soda, with some urate of potash 43.973 

Urate of lime 14.769 

Phosphate of lime 34.141 

Perphosphate of iron traces 

Water and loss 5.994 



100.000 
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BLOOD. 



CHAPTEB I. 

BALTHT BLOOD. 



General Characters of Blood. 

446. Thb general appearance of blood, as it flows from 
the veHBels througli wmeh it circiilal^s in the hying body, 
ia famihar to every one, as an opaque, slightly viscous fluid, 
of & more or loss brilliant red colour j that irom the arteries 
being briehter and more scarlet than that from the veins. 
It haa, iriiile warm, a faint though characteristic odour, 
differing in the blood of difierent animals, and a saline and 
disagreeable taste. The specific grayity of healthy blood 
appears to vary from 1050 to 1058, the average being about 
ItfiS. It is always alkaline to tost paper, 

447. Wliile circulating in the vessels, blood consists of a 
nearly coIoutIcbb and toansparent hquid, in which float 
myriadB of minute vesicular bodies or corpuscles, of which 
by far the greater number are of a bright red colour ; and 
these being so small aa to be individually quite invisible 
without the aid of a tolerably good microacope, give the 
blood, when seen with the naked eve, the appearance of 
being a homogeneous red fluid (451). A few of the cor- 
puB^es are colourless, and difier also in other respecte from 
the red ones (464), The fluid portion of the blood, in which 
the corpusclea float, is usuaUy called the liquor sangaimi, 

448. The most remarkable pecuharity prcacnteil by the 
blood, is the spontaaeoua coaffulation which it begins to 
undergo almoat immediately after being drawn, gradually 
separating into a more or leas firm and solid red coagolum 
or clot, oonsisting of coagulated fibrin mixed with the cor- 
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^^M pusclei 
^^^H called tlie serum, lioldmg in solutioa alt the other solid 
^^^H miLttera of the htood. llie nature and eauBB of this phe- 
^^^1 nomenon will be more ^lUj explained further on (473)- 
^^^^ The apecific gravity of the aernm ia lower than that of the 
^^^H entire hlood, bein^ about 1029. 

^^H^ 449. The chemical composition of the blood is higlilj 

I complex ; and though the nature of the principal ingre- 

[ dienta ia now tolerably well understood, our knowledge of 

the more obacvire ]iarts of its history is still very imperfect 
The foUowing aubatancea appear to euter into its composi- 
tion (Simon), and probably further reBearehes will reveal 
the presenee of other compounds, ajid, perhapa, also prore 



then 



e of those now included in the hat 



Water, 
I Albumen, 
Protein compounds j Fibrin, 
iGlobuhn, 

{Alcohol estractive (containing tracei 
of urea), 
Water eitraetive, 
{Cholesterin, 
Serolin, 
Margaric acid. 
Oleic acid. 
Bed and white solid fate, containing 
phoaphoms. 
/Oxide of iron, 
Albuminate of soda, 
PhoBphatesofhme.magnesia.andaodJi, 
J SiUphateB of potash atid soda, 
"' I Carbonateaof lime,magncHitt,aud sods, 
Chlorides of sodium and potassium. 
Lactate of soda, 
[ Oleate and margarate of soda, 
[■Oxygen, 
, ■! Nitrogen, 
I Carbonic acid, 
Sulphur, 
Phoapborus. 



Fatty matters.. 



SaUne matters . 



Gases .. 



450. It wiU, however, be more convement for our preBent 
purpose, to consider tte GOQBtifueiits of the blood as ar- 
ranged in the following manniT, the more important sub- 
stances only being placed separately, and the others being, 
for the sake of simplicity, grouped together. 

Water. 

Bed and white corpusclea, 

Albumen, 

Fibrin, 

Alcohol eitraetive. 

Water estrautive, 

Oay fats. 

Crystalline or sohd fats, 

Fised saline matters. 

A short deseription of each of these substances and groups 
will assist in rendering the subsequent analytical operations, 
both qualitative aiid quantitative, more simple and intelli- 
gible to the student. 



^^^^ Blood Corpuscles. 

451. If freshly drawn blood, previous to coagulation, be 
examined under the microscope, it will be found to tonsist 
of a transparent and nearly colourless fluid, in which float 
innumerable minute, circular, disk-shaped bodies or cor- 
puscles, of which by far the greater number appear of a 
pale yellowish colour, though they are in reality red ; the 
paleness of the colour being caused by the red rays from 
each of the corpuscles being spread over so large a surface. 
It is to these corpuscles that the red colour and opacity of 
the blood are due, the liqitor sanguiaii, or fluid portion of 
the blood, iu which they float, bemg nearly colourless and 
perfeetlytransparent. 

452. ThcHe little bodies, wliioh, when the blood is first 
drawn, float freely in tbe liquor nanguinis, occasionally 
adhere together, forming htUe aggfegations resembling 
strings of beads or rolls of coin (Fig. 59) ; this arrangement, 
however, is not always permanent, and the corpuscles 
gradually become again disunited and scattered. The ten- 
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.. . y to aggregate together is neuaHy greater during the 

inflammatory state, frctiui'atly cauaing the red corpiiatleB 

collect in irregularly-aliaped maases, which aink mo. 

rapidly than when tbey ore d 

tached from each other. This 

one of the causes which tend to 

irodnce what is known aa the 

uffi/ coal, which waa formerly 

^^■^^^ W^F supposed to be always indicaliTe 

^T ^KU&g hIw <^f mflammatioD, but which hai 

B^HftS^r ^^KV since been found to be formed 

"^^^HB ^^B almost whenever the fibrin, from 

whatever cause, coagulates mote 

slowly, or the corpuscles aubside 

atera more rapidly, than in healthT 

blood (454, 473). 
irpuscles 




Qed 4C0 dian 




453. The red ^ 
of human blood vary 
-rcJ^Htha to jTiSrotlis of 
an mch m diameter, the 
average size being about 
•j^^tha of an inch. They 
are nearly circular, flat- 
tened disks, ea(.'h being 
slightly depressed and eon- 
cave in the centre ; their 
thickness is usually about 
one-fourth or one-fifth of 
tlieu- diameter (Fig. 60). 

454. Wben, owmg to the aoUdification of the fibrin, tiie 
blood coagulates (473), the corpuscles gradually becom* 
entangled in the network of the solidifying clot, which ii^ 
in eonsecjuence, of a bright red colour! while the aenun, 
or defibrmated liquor aaiagidnk, is left nearly oolourlesa ■■ 
the clot subsides. In conaeqnence of the corpuscles being 
slightly heavier than the hquid in which they float, ih<7 1 
begin veiT slowly to subside almoat immediately after twl 
blood is <&»wn ; so that the lower portion of the clot usuAllf ■ 
contains a larger proportion of them, and has conaequen^ 9 
a deeper colour, than the upper. This is the case to wM 
remarkable extent in certain morbid conditions of the J 
blood, which will be noticed further on (689). \ 

455. The red oorpuecles appear to consist of delicaM ■ 
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membranouj vesideB, filled nnth. the red fluid to wliich 
tliey owe their peculiar colour, which fluid in aupjioHed to 
Donsist of a. colouring matter containing a couBiderable 
quantity of iron, fo wluch the name of hteniatin has been 
given, associated with a proteia compound, iu many respects 
analogous to albumen, and called giobvdin. The enclosing 
membrane, which is hig;hlf elastic, appears to be composed 
either of cosgulated fibrin or albumen, or of some other 
modification of protein closely allied to tliem. 

456. When placed in Holntions of different densities, the 
phenomena of eadosmosis and esosmosiB presented by the 
corpuscles, are very curious and interestmg, and may be 
seen with great faeUity with the hehi of a tolerable 
mieroBoope. As long as the fluid in wnieb they float ia 
of the same density as that which they contain, such, for 
instwice, as the liqnor sanguinis, the corpuscles experience 
little or no chanee of form. But if the external Equid is 
less dense tlian mat contained in the corpusoles, the latter 
will become more or less distended and globular, owing to 
the lighter fluid, in obedience to the well-known laws of 
endosmosiB, parsing through the membranoua verticloB into 
the interior more rapidly than the heavier fluid within 
can pass outwards. If, on tlie otlier hand, the external 
liqnid be more dense than that contained within the 
corpuBcles, the contrary effect wiU be produced, and the 
(!orpuseles will immediately begin to collapso, and assume 
a wrinkled appearance (rig. 60). This change of form 

not unirequently takes 
place Bpontaneoiisly .while 
a drop of blood, placed 
between two surfaces of 
^lass, is being examined 
under the microscope ; 
especially near the edges, 
where, owing to evapora- 
vJ tion, the liqmdwithwhich 
the corpuscles are in con- 
tact, gradually becomes 
more concentrated, and 
consequently more dense. 

457. The bquor sanguiniB, or fluid portion of the blood, 
as it exists in the livmg body, and before it undergoes 
coagulation, appears to posseSB the same density' as the 
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^^^^H red fluid contained in the reBicles ; bo that as long as it 

^^^B contjnues so, no change takes place in the form of the 

^^^H eorpuHclea. "When, however, thir fibrin, which wsa before 

^^^H dissolved in the Uquor sBii^mnis, has coagulated, the 

^^^^1 reeulting serum becomes leas dense, in consequence of its 

^^^H holding in Bolutiou a smaller amount of solid matter (448). 

^^^F The effect of this npon the blood corpuscles, is to cause 

^^^^ them, when in contact with the scrum of coagulated blood, 

P to enlarge in size, in coDBequentP of the increased rapidity 
wili. which the less dense serum enters through the mem- 

L branous integument. 

^^_ 458. If the red corpusdes be brought in contact vrili 

^^^L water, the change is extremely rapid; thej inatantly swell 

^^^1 to a much larger size, the vesicles becomm^ less and leu 

^^^H distinct, untd at length, unless the quantity of water is 

^^^^ very small, they almost entirclj^ disappear. 

^^^1 4S9. When, owing to the action of water, or some othw 

^H li ■■ - 

I ' 

■ ' 

P 



liquid of comparatively low specific gravity, the corpiuelea 
have become distended, they may, if the distention. faM 
' '' 1 allowed to go too far, De again hronght back 
o their original size ; and even be made to asBuros 
a wrinkled appearance, by bringing them in contact with a 
tolerably strong solution of sugar, or of certain salts, ai 
chloride of sodium, or muriate of ammonia. 

460. The corpuscles readily disaolve in a solution eS 
potash, ammonia, acetic acid, and some other fluids. 

461, Although we are unable to separate the corpusdea 
Erom the blood by filtration, since they pass readily 
through the pores of the filter, it is found that wl 
mixed with certaiu strong saline solutiona, they ai 
by it. A Bolntion of su^hate of soda, for example, naviDK 
a. specific gravity of about 1.13 when mixed with the blooC 
efiectually prevents the passage of the corpuscles tbrondl 
the filter. This remarkable property has been applied % 
Fignier to the purposes of analysis (582). 

463. When blood is allowed to dry at common tempora- 
toreB, and is subsequently moistened, even after the lapse oft 
considerable time, with some liquid having a specific gravi^ 
similar to that of the serum (448), the corpusdea are found 
to have retained their characteristic form and appearance), 
and may be readily distinguished under the microicopb' 
This eircimastance has been ingeniously applied for UM 
purpose- of solving a question, wnich in some medieo-l^ll 
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inquiries is one of grave importance — yw., whether the 
stains found on doming, or elsewhere, are, or are not, 
stains of blood. The methods hitherto devised of identify- 
ing minute traces of blood by means of chemical tests are 
very imperfect and unsatisfactory ; so that the assistance 
afforded by the microscope here becomes of the highest 
value. 

463. For this purpose, the stain is to be moistened and 
gently rubbed with a little fresh white of egg, or some 
other fluid havine a specific gravity of about 1030 to 1050. 
It is then scrapea off, and a Httle of the mixture examined 
under the microscope with a tolerably high power ; when, 
if the stain consisted of blood, the characteristic corpuscles 
will be distinctly visible. 

464. White corpuscles of the blood. — In addition to the 
red corpuscles, there are always present in the blood a few 
colourless particles, somewhat larger than the coloured 
ones, and otherwise differing from mem in general appear- 
ance and structure (Fig. 62). They are of irregular forms, 
sometimes spherical, sughtly granular on the surface, and 

appear to be identical, 
^ or nearly so, with the 

^ peculiar corpuscles al- 

ways present in the 
lymph and the chyle. 
When treated with 
acetic acid, the granular 
exterior becomes trans- 
parent, as in the corpus- 
cles of pus, and one or 
more internal nuclei are 
rendered visible. 
466. The proportion of corpuscles present in healthy 
blood is usually about 130 parts in 1000 (573). 




White 00 
'blood, magnified 4< 
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SECTION III. 



Albumen. 

466. This is one of the most important of the constituents 
of the blood, and with the exception of the red corpuscles, 
is present in larger quantity than any of the other solid 
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^^^M matters coat«ined in it. It ia held in Bolution in the Benun, 

^^^^ where it may readily be aliown to exist, hj gentlj bolliiu; 

^^^1 in a tube a little of the clear eolourlegs fluid fi-om wbicli 

^^^B the coagulated clot of fibrin and corpuseles has subsided. , 

^^^H Am Boon as the teraperature reaches abont 170°, the albiu < 

^^^H men begins to eoagulat«, and on being boiled for a. short 

^^^1 time, separates entirely in the insoluble form. 
^^^H 467. It may also be precipitated from its solution 

■ : 

■ ^ 

ri 



J addins to the clear fluid a few drops of dilutA 
nitric or hydrochloric acid {136, 141). Acetic acid fails to 



precipitate it ; hnt if ferrocyanide of potassium he added to 
the acidified solution, a denae white precipitate is produced, 
even when the albuminous liquid is very dilute. 

468. Whengently warmedwithstionghydrochlorieacid, 
albumen diasoTveH, forming a purple-culoured solution, in 
which respect it resembles flbrm and casein. 

469. When moistened with strong nitric acid, albumen 
becomes yellow, owing to the formation of santhoprotda 
acid (2HU,C3,N^H^.Oa), which, together with oxaSc aoA 
(HO.CjOa), ammoma, nitric oxide (NOj). and nitrogen, u 
always formed by the action of strong nitric acid on the 

rinds of protein. A familiar example of this oct 
yellow stain caused on the skin by nitric acid. 

470. It appears from the results of numerous analysM. 
that the average amount of dry albumen present in healdij'. 
blood, is rather more than seventy parts m 1000 (573). 

471. The composition of albumen ia usually expresaed 
by Mulder's formula (C.^jn^^O^^jP) ; but considerdilB 
uncertainty still hangs over the real nature of this dass of 
bodies.* As the more important peculiarities of albomett ' 
have been already noticed in the chapter on morbid nrina 
(ISd, 236, &c.), tiiey need not he again described. 
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Fibrin. 



473. This subetanee, of whieli muacnlar fibre is chiefly 
composed, is closely allied in chemical compOBition oiid 
general properties U> albumen; and it is indeed not im- 
probable that both, are, in their chemical relations, merely 
modifications of the same compound, which irom the cir- 
cumstance of its beina apparently the basis, not only of 
albumen and fibrin, but aleo of caaein (625), and some 
other analogous Bubatancea, has been called protein, from 
irparrfva, I am first.* 

473. While circulating in the vessels, the fibrin of the 
blood is held in a state or solution ia the liquor aanguinis; 
but no sooner is the blood removed from the system, than it 
begins to separate in a solid state, after nhich it becomes 
quite insoluble in water. This solidifioatiou of the fibrin is 
tne cause of the well-kuowu phenomenon of coagulation 
which blood experiences almost immediately after it is 
drawn ; and although the coaculum or clot contains the 
blood corpuscles in addition to the fibrin, these have merely 
been entangled in the network of coagulating fibrin, and 
do not themselves play any a<^tive part in the process of 
coagulation . 

474. The coagulation of blood may be retarded, and even 
altogether prevented, by the presence of certain salts and 
other subatancefl. The alkalies, for example, and their 
carbonates and acetates, entirely prevent it ; and tolerably 
Btroiig solutions of nitrate of potaali, nitrate of lime, muriate 
of ammonia, and some other salts, retard it for a consider- 
able time. The latter salt, indeed, graduaUy dissolvea fibrin, 
sfber it lias been allowed to coagulate. Most of the dilute 
acids, also, cause blood to retain its fluidity, though it 
becomes, under their influence, more viscous and syrupy 
in its consistence. 

476. Contact with certain animal membranes also appears 
to exercise a retarding influence on the coagulation oT the 
blood. When infused into the cellular tissue, it lias been 
known to continue uncoagulated for some weeks ; and even 

^.tied artery, it remains some hours without coagulating. 



^^m 138 BLC 

^^^^B 476. It appears from the experimentB of M. Denis, that 
^^^^1 if moist fibnn be digested in a Bolution of nitrate of potaah 
^^^H contAiaini; a little soda, at a temperature of about 100° F^ 
^^^H it bcconies gradually converted int« a Bubstance in almort 
^^^H ereiy respect identical n~itli albumen ; being soluble in 
^^^1 water, and coagulable by heat. This change is said to be 
^^^H moat readily produced when the fi-brin employed iu the 
^^^^P experiment has been obtained from venous blood, by 
^^^P allowiiig it to coagulate spontaneously ; wliile if it is sepa- 
^^^1 rated by agitation, or if the blood be mterial, it acaroelj 
^^^B experiences any alteration in the saline solution. 
^^H 477. Pure fibrin may be obtained nithout diiHculty, by 

II receiring the blood as it flows from the body, in a clean 

porcelain djsli, and stirring it well for some little time with 
a glass rod ; or the blood may be shaJien with a fev small 
fr^ments of lead, in a closed glass flafk. The fibrin, as it 
coagulates, collects in loose ffiirous massen round the rod 
or migments of lead, coloured slightly red, owing to tlie 
impriaoument of a few corpuscles within the network of 
fibrin. These may be removed by t^g the coagulum in 
' a piece of fine nmslin, and washing it under a stream (rf 

cold water until the mass becomes colourless. In this eUite, 
it still contains traces of fatty matter and inorganic Baits, 
together with a considerable amount of water. To obtain 
the fibrin, therefore, in a state of perfect purity, the washed 
coagulum must be dried on a chloride of calcium bath at a 
temperature of about 250°, and the dry mass then reduced 
to mie powder in a mortar. The pounded fibrin may then 
be washed Buccessively with alcohol, ether, and dilut« hydro- 
chloric acid 1 and, lastly, maoerated with cold or lukewarm 
water, until all the soluble matter is removed ; after wfaicb 
it may be dried as before at a temperature of about 250f. 

478. If the blood from which we wish to extract tiie 
fibrin has alreadv coagulated, the elot is first gently pressed 
between folds or bibulous paper, in order to squeeze ont 
tlie greater part of the adhenng serum, and then cut into 
thin ahieds with a sharp knife. The finely divided clot ii 
tiien washed iu a muslin bag under a gentle stream of oold 
I water, untU it becomes colourless, by which means the bn- 
[ prisoned corpuscles are washed out of the fibrous maw. 
[ TloB latter is then dried, and reduced to powder, and sob- 
l Be qnentlT purified by washing and drying in the maniner 
^ ■■'■secribed (477). 



479. Fibrin tliuB prepared, is a pale yellowish honiy- 
lookinfj substance, hard, brittle, and, if all traces of fat have 
been removed, tranaparent. li is perfectly tasteless, and 
insoluble in water, mcohol, and ether ; if kept for a short 
time in water, however, it gradually Boftens, aweUe up, and 
reBBBUmee tiie appearanee it had previons to desiceation. 
WLen digcat^^d with acetic and most of the other acids, 
fibrin becomes gelatinous, and is in that state soluble m 
water. The acid solution, when treated with ferrocyanido 
of potassium, gives a copious white precipitate, similar to 
that caused in albuminous solutions. Like albumen, and 
the other modifications of protein, it forms, when gently 
warmed with strong hydrochloric acid, a purple -coloured 
solution. "With nitric aeid, also, fibrin behaves like the 
other protein compounds, forming the yellow santhoproteic 
acid (469). 

480. When esamined under the microscope, coagulated 
fibrin appears to consist of a rude network of amorphous 
threads, together with detached aggregationa of irregular 
form, similar to albumen. 

481. The average proportion of dry fibrin present in 
healthy blood, appears to be rather more than two parts iji 
a thousand (673j. 



Sxlractive Matters. 

482. Of the real chemical nature of the substanoeH 
included under the name of extractive matters, little is jet 
definitely known, though they have frequently engaged tlie 
attention of chemists. It is probablo,howeTer, that further 
researches wUl ere long throw new hght upon tliis at 
present obscure class of substances. They include all the 
undefined, uncrystallizable organic matters wliich are 
Bolubla in water; or, in other words, the extractive matters 
of the blood include all the organic substances contained in 
it, with the exception of the corpuscles, albumen, fibrin, 
and fatty matters. 

483. Extractive matters we usually divided into alcohol 
erirartive and water extractive ; the first including that 
portion which ia soluble both in water end alcohol; and 
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^^^M the latter, that nliich ia soluble in water, and inBoluhte in 

^^^H aluohol. They arc of a hronn or jcllowisli colour, and are 

^^^H characterized by their BoiutionH giving brown precipitates 

^^^1 vith aeetate of leail, but none 'with bicnloride of mercniy. 

^^H A solution of the alcohol extractive is precipitated fay an 

^^^^ infusion of gaUa, which reagent cauees little or no change 

^^^H in the water extraetive. 

^^^B 464. Traces of urea are ])robably alwavs present 

^H Tl 
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blood, and would he contained in the alcohol e\-traotire. 
; method of deteeting it will be described furtlier on 
, S). 

485. The amount of extractive matters present in bealthy 
blood, seems to vary from one to three pajts ia a thouBand, 



FaUy Matters. 



tained ia 
They are 
thefint 



486. Our knowledge of the fatty matters co 
the blood is at present far from being complete, 
naually divided into oilyfaU and eryttalKnefati . 
being soluble in cold alcohol, and the latter insoluble. The 
oily Tats appear to consist chiefly of oleic (SO.C^rHf^OJ 
and marganc {2ffO, C|^ir„0„) acids; the crystalline St^ 
matter is probably a mistiire of serolin nnth traces of 
cholesterin (CsjH.^O), together with one or more solid fata 
containing phosjihoruB. 

487. To ohtam these fatty matters, a quantity of blood 
is evaporated to dryness on a WTiter balJi, and the dry 
residue, after being reduced to powder, is digested in hot 
ether, successive portions of which must be added aa long 
as anything appears to be dissolved by it. The eth^id 
solution is then evaporated to dryness on a water bath, and 
the residue, consisting of the mixed fats, treated with cold 
alcohol, which will dissolve out the oily fats, and leave the 
urystalline matters undissolved. The first may be obtained 
Ire- evaporating the alcoholic solution on a water bath ; and 
Me undissolved crystalline fats may bo dissolved in boiling 
alcohol, from which they will almost entirely separat*, a> 
Qie liquid coals, in the form of small crystalline scatee. 

488. The quantity of fatty matters present in healthy 
Hood appears to Tary from 1.5 to -2.5 in 1000 parte (573), 
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Fixed Saline Matters. 



489. The ash left aft«r tho inciBeratioii of the dry residue 
of evaporated blood appears to eontam the following sub- 
Btances — viz., the chlondijs of sodium and potaaaium ; the 
phosphates of lime, magnesia, and soda ; t£e sulphates of 

Eotaah and soda ; and oxide of iron derived from the 
Kmatin (455). If the ash has been obtained by the ineioe- 
ration of the serum, traces of alkaline and earthy carbonates 
will probably he rendered apparent by the effervescence 
caused by tie addition of an acid ; but if the ash has been 
obtained by the incineration of the entire blood, no tract; 
of carbonates will be observable on the addition of the acid. 
The cause of this appears to be, that some of the fatty 
matters present in flie dot contain traces of phosphorus 
(486), which, during combustion, is converted into phos- 

Shorio aeid (POJ ; and the phoBphoric actd thus formed 
ecompoBCB the small quantity of carbonates derived from 
the serum, converting them into phosphates. 

490. The saline matters of the Hood may be conveniently 
divided into the alkaline salts, which readily dissolve in 
water, and the earthy salts, which require an acid for their 
solution. The aliahne portion of the ash consists of the 
chlorides of sodium and potassium ; the sulphates of potash 
and soda ; and phosphate, with jiossibly traces of carbonate 
(489), of soda. The oardiy or insoluble portion contains 
the phosphates of lime and magnesia ; oside of iron derived 
from the red colouring matter ; and possibly a Uttle earthy 
carbonate (4S9). The presence of the bases and acids con- 
tained in these several salts may be shown by the following 
experiments. 

491. Digest from twenty to tlurty grains of the ash in 
warm water, in order to dissolve out the alkahno salts, and 
filter tho solution from the insoluble portion. The aqueous 
Bolntion thus obtained may be first tested, retaining the 
earthy residue for subsequent examination (499). 

492. If the aqueous solution is at all dilute, it should 
first be concentrated by evaporation. To a httJe of the 
concentrated solution add a slight escesa of tartaric add 
^iSO,C3H^0^^), and agitate the mixture with a glass rod. 

e2 



HEALTHY BLOOD. 



A colouTlesH crj-BtaUJne precipitate of the bitartrate shows 
the preaenee of POTiSH. 

493, To another portion of the solution add a solution of 
bichloride of platinum {FiCL), and allow the mixture to 
evaporate to dmiesa, either apontaneouHly or at a very 
gentle heat. Minute yellow granular ciTBtaJs of the double 
chloride of platinum aiid potassium (KCl,PtClj) will be 
found deposited, also showing the presence of potabh. In 
addition to these will be seen long yellow needle-shaped 
crystals of the double chloride of platinum and sodium, 
proving the presence of sooA. If tlie bichloride of platinmn 
has not been added in sufBcient quantity to combine with 
the whole of the soda, a few detached eubical crystals of 
chloride of sodium 'n'ill also be deposited, which may be 
proved to be such by their well-known taste. 

494 The presence of soda may also be shown by adding 
to a little 01 the strong aqueous solution a few drops of 
antimoniate of potash lKO,SbO^), which will gradually 
cause a colourless crystalline precipitate of antimoniate of 
soda fPTaO.SbOJ. 

495. To another portion of the aqueous solution of the 
ash, addasolutionof chloride of barium, or nitrate ofbaiyta, 
as long as it causes any precipitate. The sulphuric, phos- 

Shoric, and {if any {4»9)) carbonic acids are thus thrown 
own in combination with baryta. The mixture eontMning' 
tlie precipitate thus produced is now strongly aoidified wiw 
hydrochloric or rntnc acid, and warmed. If efferveBcencc 
occurs on the addition of the aeid, cabbonic acid ia pro- 
bably present. The presence of sdlphttbic acid is shown 
by a portion of the precipitate (sulphate of baryta) proving 
insolnblo in the acid. 

496. Fdter the acid misture formed in (495), and 
neutralize the filtered liqnid with ammonia. The phoa- 

fhate of baryta (3BaO,HO,POs), which had been dissolved 
y the acid, is reprecipitated, indicating the presence of 
PHOSPHORIC ACID (498). 

497. Acidify another portion of the aqueous solution of 
the ash with nitric acid ; add a slight excess of nitrate of 
silver, and filter the liquid from the white precipitata 
oooaflioned by the silver salt. This precipitate may be 
proved to consist of chloride of silver (amBOOHLOBio 
acid), by being readily soluble in ammonia, and insolnbb 
in nitric acid. 

498. Accurately neutralize the acid solution formed 



r (3AgO,POs), which, had been hefd iu solution by the 
escesB of acid, will now be precipitated, showing the 
presence of phosphoeic iCiD (493). 

499. The earthy portion of the ash, which proved 
inBOluble in water (^1), may now be examined. It m 
to be disaolved in as smaJl a quantity as possible of dilute 
hydrochloric acid, a gentle heat being applied if neceBsary. 
If efFerrescence oceura on the addition of the aeid, 
CABBOSic ACID is present (489). 

500. A little of the acid solution may now be nearly 
neutralized with dilute ammonia, whieh should not be 
added in sufGcient quantity to cause any precipitate. The 
liquid is then testea with a drop or two of a solntion of 
ferrocyanide of potassium, which will cause, either at once, 
or in the course of a few minutes, a blue colour, owing to 
the formation of ttie ferrocyanide of iron (Fe,3reCyJ, 
showingthe presence of ibon. 

601. The rest of the acid solntion of the earthy portion 
of the ash niny now be supersaturated with ammonia, 
which will throw down a white gelatinous precipitate of 
earthy phosphates. A little of this precipitate may be 
exammed under the microscope, when it wul be found to 
consist chiefly of amorphous particles of phosphate of iime 
(8CaO,3POJ, with a few crystals of the double phosphate 
of ammonia and magnesia (2M:gO,NH,0,POs+12Aq). 
The precipitate thrown down by the ammonia, may also be 
exammed for liue, uabnesia, and fhosphobic acih, by 
rediBsolvinf; jt in acetic acid, and testing the solution in 
tiie manner described in paragraphs 47, 71, 4c. 

502. The quantity of alkdine salts usually present in 
Iiealthy blood varies irom about seven to ten parts in 1000; 
■■ tJiit of earthy salts trom 0.5 to 1.5 in 1000 parts. 
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QUANTITATIVE 



503. A complete quantitative analysis of the blood, 
inelndint; the separation from each other, and estimation of 
all the ingredients, would be, even if our knowledge and 
■e much less limited than they are, in tjie 
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liigheat decree eomplicatpd and difficidt ; while at present 
it may be said to Ije altogether impracticable. For moat 
purpoaeB, however, a comparatively incomplete analyais, 
embracing the determination of the more important 
ingredieuta, is all that is required ; and in the majority 
of caaeB. a knowledge merely of tlie proportion of fibrin, 
the corpuaelea, and the BohdB contained in the aenun, ia 
wLftt the medical practitioner chiefly requires. 

604. I will firat describe the mode of conducting Bueh an 
analysis, by which the amount of water, corpuscles, fibrin, 
and solids contained in the serum, may, with very little 
dilEculty, be aaeertained ; and subsequently go through a 
Bomewhat more complete scheme, by which, in addition to 
the above substances, the more important constitnentfi dT 
the serum may also be estimated. Sec sections 3 & 4. 

505. When the blood intended for analysis can be collected 
in tlie proper vesaelsi as it flows from the body, the process 
is somewhat simpler than when it has been allowed to 
coagidate ; and tlie results alao are more accurate. As, 
however, tliis ia frequently impracticable, I will also give 
the method by which the analysis of coagulated blood may 
be efiected. 



Qaantitative Anah/sis qf wncoagwiated blood, melvdiny tHi 
ettimation of the toater, corpnteles, fibrin, and the toUS 
Matters contained in the seram. 

506. Before proceeding to collect the blood as it flow* 
firom tlie body, for the purpoae of analysis, the eiperimenter 
should provide himaelr with three vessels, the esact weight 
of each of which is to be carefully ascertained and noted. 
These vessels are^lst. A six or eight ounce bottle provided 
witl a stopper; this bottle should be perfecdy clean and 
dry, and of known weight. Eight or ten small strips of 
thm sheet lead, about half an mch square, the weight of 
which should also be known, are put into the bottle, wiuch 
will then be ready to receive the olood (507). liiis bottlfl 
is used for efiecttng the separation of the fibriu. 2nd. A 
small platinum or Berlin porcelain capsule, capable <rf 
holding &om half an ounce to an ounce of wal^. TUft 
' t estiinatiDg tlie proportion of water in tlie blood 



(508). 3rd. A rather tall, upright heater, or pyhndrical 
glBBB, cflpahle of holding about six ounces of water. 

507. The blood may now be collected. About five or 
six ounces of tho fluid are first poured into the bottle 
containing the fragmentB of lead, whieh Hhould then be 
lightly closed with the stopper, and kept gently agitated 
for awiut a quarter of an hour, in order to allow the whole 
of the fibrin to coagulate, and attach itself to tho pieces of 
lead (477, 500). This portion of blood we will call A (510). 

508. Two or three drachms of blood are collected in the 
capsule, which ia then again accurately weighed, and the 
weight of the empty capsule, preriousfy ascertained (506), 
deducted from the croa« weight, in onler to determine the 
exact quantity of blood contained in it. It may then he 
placed on a water hath, and evaporated to dryneaa, This 
portion we wiU caJl B (514). 

509. The beaker, or cylindrical glass, is to be nearly 
filled with the fi^ahly drawn blood, covered with a glaas 
plate, and set aside m a tolerably cool place for twentf- 
lour hours ; at the end of which time it wUl be found to he 
thoroughly coagulated, and aeparated into a firm clot and 
clear aerum. Hub portion we will call C (516). 

610. Treatment of the portion A. — When the blood haa 
been gently shaken for about a quarter of an hour, imme- 
diately on being placed in the bottle (507), tho fibrin 
will be found to hitre separated, and collected round the 
fi:'^;menta of lead which nad been previously introduced. 
The outside of tho bottle is then cleaned witn a wet cloth, 
and wiped dry. 

611. The weight of the bottle, with its contents, ia now 
taken, in order to ascertain the exact quantity of blood 
employed in the esrperimeut, which ia known by deducting 
from the gross weight that of tho empty bottle and the leaij 
the diflerence being the weight of blood contained in it. 

512. Tho atopper ia now removed, and the contents of 
tho battle poured out into a small basin or saucer. The 
liquid portion is carefully poured off, and may be thrown 
away ; after wliich tho fiorm adhering to the lead ia to be 
wasned with a gentle stream of cold water, until it becomes 
colourleaa, in order to separate from it the whole of the 
corpuscles and serum. During the washing, the spongy 
aggregations of fibrin may be gently pressed oecaaionaDy 
between, the fingers, care being taken that none of the 
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fragmente are lost. When clean, the flbrin is to be 
placed in a Bmall evaporating diali, and dried on. a chloride 
of calcium bath, at a temperature of 220° or 230° until it 
ee to lose weight. It in uniraportant whether it ia 
dried and weighed veilii the pieces of lead, or first separated 
from, them, since the weight of the lead heing known (506), 
ma;^ be deducted from Uie gross weight of the lead and 
Ehrin, the difference being thit of the fibrin. 

513. The weight thus obtained represents the proportion 
of riBBiN in the quantity of blood used in the experiment! 
the proportion in 1000 parts of blood may aft«rwarda be 
ascertained bj the following escalation : — 



514. Treatment qftheportion B. — The capsule containing 
the portion B, after being accurately weighed (508), i* 
allowed to remain on the water bath, (or still better, on a 
chloride of calcium bath, heated to about 320° or 230°), 
until it ceases to lose weight on being weig;hed at intervals 
of half an hour or an hour, care bemg taken to wipe the 
outside clean and dry each time. When the weight become* 
constant, it may be concluded that the whole of the water 
has been espelled. 

515. From the weight thus obtained, that of the empty 
capsule is now to be deducted ; the difference being the 
weight of the entibb solid uatteb contained in the 
quantity of blood operated on. The difference between 
Uie weight of this dry residue, and that of the blood befbre 
evaporation, or in other words, the loss which it has eKPe- 
rienced during the evaporation, wdl then represent the 
amount of wateb contained in the quantity of blood em- 
plored in the esperiment. The proportion of solid matter | 
and of water present, in 1000 parts of the blood, may 
therefore be cidcniated in the following manner : — 

For the Solid Matter. 

f Proportion orulMI 



Bd.J IreiidUfl.J 

For th, 



516. Tveatment of the portion C— Tlie tbiid portion of 
blood wliieli waa collected in tlie beaker (509), is allowed to 
stand for about twentj-four hours, or until it separates 
into a firm tlot and clear serum. Two or three dracliiiis of 
the clear Berum are carefullj poured off from the olot into 
a Bmall platinum or porcelain capsule, similar to that before 
used (506), the weight of which has been previously accu- 
rately noted. The capsule with the aerum is now weighed, 
to Bficertain the quantity of tbe latter employed in the 
experiment, and tlien evaporated to perfect dryness on a 
chloride of calcium bath, at a temperature of about 230° 
until it eeaaea to lose weight. The Iobb of weight which 
it eiperiences during evaporation, repreaenta the amount 
of water m the quantity of serum uaed ; while tbe weight 
of the dry residue ahowa tie amount of solid matter con- 
tained in the same quantity of aerum. 

617. From the numbers now obtained, we arc enabled 
tocalculate the proportion of the solid mattera of the aerum 
in 1000 parts ofblood, in the following manner. Knowing, 
as we do, the quantity of water in 1000 parts of the blood 
(516) ; and assuming (as we safely mav) that the water 
of the blood esistB wholly in the form of aerum ; knowing 
also the proportion of water and of aobd matter contained 
in the serum (516); we may, from the quantity of water in. 
tJie blood, estimate the quantity of solids held iu solution 
in tbe aerum, thus : — 



1 Ulyofierumr ■ 1 tllj of Berum •• 1 oflhe f ■ 1 loOO pts. of f 
\ BnplojiEd. > y employed. ' I blood. > ^ \ix blood. ' 

518. "We have now determined tie proportion of water, 
fibrin, and aohd mattera of the aerum, contained ia tie 
blood, and have only to ascertain the weight of the cor- 
puscles in order to complete the analysis. This ia done 
by adding together the weights of the fibrin, and the 
Bohds of mo aeram, contained in 1000 parts of blood, and 
deducting the aum of them from the weight of the entire 
solid matter, which consists of fibrin, sohds of the eenim, 
and corpusclea ; the difference therefore will represent the 
proportion of the latter in 1000 parts of the blood. 

519. The aeveral results now obtained may be reeurded 
thua ; and the numbers, when added together, should 
amount to within a fraction of 1000. 
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Solid mattera of serum 
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Q,uantiiatiiie Atiali/»ii of coagulated Mood, including iia 
eslimalion of the water, corpuscles, Jihrin, and ike solid 
mattert contained in t^ serum. 

620. The portion of blood intended for analj-Bis. wtiidi 
may consist of about ten fluid ounces, akould be collected 
in a weighed or coimterpoiaed glass beaker, or other cylin* 
drical TesBel, and accurately weighed; or if it Las been 
accidentally collected in any tcbbcI of which the veigU 
has not previously been determined, it may be weighed ■■ 
before, and the weight of the containing vessel, ascertained 
after tie blood has been removed, deducted irom the groM" 
weight ; the difference being, of course, the weight or th« 
blood employed. The blood, after being collect«i, is to b« 
aet aside in a tolerably cool place for about twenty-firaf 
hours, to allow it to coagulate ; the top of the glaas being 
corered with a glass plate or small dish, to preserve it fixon 
dust and prevent evaporation. 

521. About two or three fluid drachms of the clear semia 
are to he drawn off with a pipette, or carefully poured off, 
into a email weighed platinum or porcelain capsule ; after 
being accurately weighed, it ia to be evaporated, until it 
ceaaes to lose weight, on a chloride of calcium bath, kept 
at a temperature of about 220°. When dry, the weight u 
not^d ; the loss during evaporation rcprescnjiiig the amomit ■ 
of water in the quantity of serum operated on, and Uai 
weight of the dry residue being that of the solid matt« 
contained in the same. The relative proportiona of »olid| 
matter and water which form the serum, are thus asoer- ' 
toined. 

522. While the evaporation of the scrum (621) is goinf 
on, the examination of the rest of the coagulated blood mi^ 
be proceeded with. The eerom is first poured -off from W' 
dot with great care, avoiding the escape of any portion rf 
the eoagulum ; the laat portions of the bquid bemg removed' 
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by means of a fine pointed pipette, or by introdncing one 
end of a folded piece of bibulous paper, wliich will suck up 
tbo liquid until it ia eaturated, and may then be replaced 
by another. This aerum, although it mil probably not be 
wanted for any Bubaequent espenments, had better be for 
the present retained, in case of any accident happening to 
the portion already taten for evaporation (521), 

523. The clot, tlius separated irom the sreater part of 
£he serum, ia now to be divided, by means of a sharp knife, 
into two portioQB of equal weight ; the weight of both being 
accurately made 1* correspond by weighing, and adding or 
taking off small aheea, as necessity may require. When 
this ia done, each portion will contain one half the fibrin 
and corpuscles of the quantity of blood operated on, toge- 
ther with, a certain amount of serum. One of these equal 
portiona we will call A, and the other B, 

624. Treatment of the portion of clot A. — Thia ia to be 
cut into thin shreds with a clean sharp knife, carei\illy 
avoiding the Iom of any fragments of the coagiilum. The 
finely sliced clot is then tied up in a piece of fine muslin, 
or calico, and washed under a gentle stream of cold water, 
with the assistance of occasional pressure between the 
fingers and thumb, until the whole of the serum and 
corpuscles are removed from the intenrtiees of the coagulum, 
and the fibrin ia left quite clean and oolmirleaa. It is then 
taken oat of the muslin, and dried on a chloride of calcinoi 
bath, until it ceases to lose weight. The weight thus 
obtuued represents the fibrin contained in li|ilf the clot, 
and when multiplied by two, e;iTea the proportion of pibbis 
in the quantity of blood ompmyed. 

525. Treat/meat of the portion of clot B. — The weight of 
the portion B having been noted, it is tc be evaporated to 
dryness on a chloride of calcium bath in a uouuterpoised 
or weighed capaulo. The loss of weight which it eipeneaeea 
during evaporation, shows the quantity of water contained 
in half the clot, which, when multiplied by two, gives the 
amount of water present in the entire clot ; while the 
weight of the aohd residue, also multiphed by two, shows 
the quantity of sohd matter whiwh the entire clot contains. 

526. From the data thus obtained, we are enabled to 
calculate the proportion of the several constituents, in the 
following manner. Having ascertained the weight of the 
whole aoiid matter of the elot (S2G), which consists of fibrin, 



140 



QDiN' 



corpuaclea, and aolids eontaiaed in the portion of serum 
witi Tthieli the elot is aatumted, we first calculate bow 
much of tiie weight is due to the solids of the aeruin. To 
do this, we osaume that the whole of the water present in 
the clot is due to serum ; then, knowing, from a previoru 
emeriment (521), the relative proportions of water aud 
Boud matter m the serum, and knowing also the qnantity 
of water contained in the clot (525), we calculate tlie 
amount of sohd matters in the olot, which belong to the 
serum, as follows ; — 

IWt.of-«er\ (Wt.of*ilId\ /Wt.of) /Wl. or BlWl 

inquati- miner In wBior molten <if 

tllyuf L : J quantity of L ;; J tn the L ; J serum. Mm- 1 

<erun. 1 1 MTmn [ 1 enUre f j laln«llnlh.[ 

evsporaled. ) ^ eiaporawil. J ( dot. ) [ Bnllre clot. ) 

527. Tlio weight, thus calculated, of aoUd matters (rf 
serum present in the clot, is deducted from the weight of 
the entu« solid matter contuned in the clot (525), and the 
difference will represent the weight of the fibrin Mid cor- 
puscles. Having, therefore, previously determined by k 
separate experiment (524), the amount of fibrin, we hme 
only to deduct that number, m order to obtain the propor- 
tion of coUPUSCLBS in the qnantilj of blood opevat*3 on. 

629. Snowing now the amount of the fibrin and connu- 
clea, we can, by^ deducting their combined weights from 
that of the entire blood, loam the quantity of serum whidi 
it contained, since the blood is wholly composed of fibrin, 
corpuscles, and serum. 

629. From the weight of serum thus obtained, afisuming, 
that the whole of the water in the blood is due to tui^ 
serum, we ean calculate that of the wateb and soiui 
uiTTGBa OF THE SEBUM Contained in the entire blood, in. 
the following manner, since we have before determine^ 
by experiment (521), their relative proportions ; — 

F-^r the Water. 
rwl.ofBermn-l fLosaotirt.1 f Wt. of muml t Piuportloa 1 

1 BVBporBted f-1 a>»pcj- f--1 ofbLooi f-1 qiuntHyof f 
L u diTiim. J I. rulon, J L used. J L blood unA. J 



I Weight of 1 /W 
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/lolid mailers of the Serum, 
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530. We shall now therefore have ascertamed the pro- 
portioaa of the four several eoiiBtituentfl required, m the 
quMitity of hlood employed in the analvsia — viz 

Water 

I Corptuclea 
Fibrin 
Solid matters contained in the HBmm 



which, when added together, ehould amount very nearly to 
the weight of the blood need. 

531. In order to determine the proportion of the several 
constituents present in 1000 parta of the hlood, the following 
ealcidation ktU in each case be necessary. 

{Wt. ofbloodl f Weight of 1 f Proportion oTthsl 1 

amployod I . jp^^ .. J each con- I , J coosUluent in I 
uulfiU. J L obtained, j L blood. J 



Quantitative Analysis of u-acoagulaled blood, ineludinatie 
determination of the water, eorpaacles, albumen, Jwrin, 
alcohol extractive, mater extractive, oilgfats, crystalline 
or solid/alt, andjixed saline mattera. 

533. The Tesaela required for this analygia are nearly 
the some as those already described in the shorter scheme 
of analysis (506)— viz. 

1. A sis or eight-ounee stoppered bottle, the weiglit of 
which is accurately known ; and in which are placed a 
few small strips of thin sheet lead, the weight of which 
also is known. 

2. A weighed platinum capsule or crucible, capable of 
holding ratlior more than an ounce of hquid; or, in 
default of this, a thin Dresden porcelain crucible, of 
about the same capacity. And 

3. A tall upright beaker or cylindrical glass, capable of 
holding about eight ounces of liquid. The weight of 
this need not be taken. 

533. The three vesscla being in readiness, the blood is 
first to he collected. About sis ounces of the fluid are 
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allowed to flow into the bottle, wliicli should immediately 
be closed with the stopper, mid gently Bhaken for a guarter 
of an hour or twenty mmutea.at the end of which tiiae tha 
£brin viil be found to have separated from the liquid, and 
Bttached itself round tlic fragments of lead. This portion 
of blood we wiU call A (536). 

634. About an ounce of blood is coUectfid in tlie weighed 
capmile or crucible, and, after being weighed, for the pui- 
poee of aaeertaimug the exact quantity of blood employei 
it ia placed on a water batJi, or cbloride of calcium bath, wd 
allowed to evaporate. This portion wo will call B (639). 

535. !From aix to eight ounces of blood are allowed to 
flow into the beaker, and set aside to coagulate in a toler- 
ably cool place for about twenty-four hours. This portioni ■ 
we wiU call C (541). 

636. Treatmeat of tJie portion A. — As Boon as the fibrin i» 
supposed to have separated completely from the blood, anj., 
become attached to the pieces of lead, the outside of thf ■ 
bottle is to be wiped clean and dry, and the whole il i 
weighed ; when the difierence between the comlrijied 1 
weights of the empty bottle and the lend, and that of the ' 
whole when filled, will represent the quantity of blood 
employed in the experiment. 

637. The contents of the bottle are now to be emptied 
out into a small evaporating ba^in, and the fibrin ia to be ' 
carefully separated from the fraements of lead, to which it | 
adheres loosely. It is then waaliod under a gentle stream 
of cold water, from the serum and corpuBcles 1^ith which it 
is saturated, carefully avoiding the loss of any partiolea of' 
the fibr in. 

538. When quite clean and colourless, the fibrin is placed 
in a platinum or thin porcelain crucible of known weight 
and dried on a chloride of calcium bath, at a temperature 
of about 220° or 230°, until it ceases to lose weight. Whra 
dry, the weight is noted. As the fibrin, in its preMiit 
state, contains traces of earthy phosphates, which ad^l 
slightly to its apparent weight, it may now be incinerated 
in the crucible. uiitU the ash becomes white or grey. Thtf 
loss of weight which the dry librin experiences doriag 
incineration, represents the amount of pnro riBBiH in^M 
quantity of blood that was contained in the bottle. Htl^ 
proportion present in 1000 parts of the blood may then b» 
calculated aa follows : — 
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r WBlght ot 1 f Wf Ighi of 1 r Pruponion of 1 

1 employed. J ' 1 oblaiiicd. J " '1 pt3.ofbluod. J 

539. Treatment of (he portion £.— This portion of tke 

blood, after being weiglied, ia oJlowed to remain on & 

chloride of calcium badi, heated to about 220°, until it 

oeaseB to loae weight ; when it may be concluded that the 

whole of the water baa been expelled. When this is the 

case, the weight ia noted, and the proportion of water and 

SOLID MATTBS8 OF THE BLOOD, Contained in 1000 parta of 

the fluid, calculated as follows : — 

Far the Wafer. 

{Wt-ofhloodl rLomofwt. l f Proportion of 1 

erapoTBIed t : J during f :: IMO : J w»Kr in ICMXI L 
toijneM. J Levaporallon.J L pu. of blimd. J 

For the Solid Matter. 

{Wl, of blood ] f Welglit of 1 f Proportion of solid 1 

loiyn™. J L residue. J L pls. of blood. J 

64D. The dry residue (539), after being weighed, is to be 
incinerated in the capsule or crucible, until tie whole of 
the charcoal of the organic matter is burnt away, and the 
Bsh becomes of a pale red colour. The weight of the ash 
thus obtained, showa the amount of fixed saline uatteb 
in the quantity of blood evaporated ; and from this, the 

Sroportion contained iti lOOO part:s of the blood may be 
lUB estimated : — 

f Welghtof 1 r WLofashl fProponlon of fliBdl 

J blood \ : i after In- } :; IDM : i Kiltne mMtor In L 
Lmiporated. J L dneration.J L 1000 pl>. of blood. J 

641. Treatment of the portion C. — This portion of blood 
is allowed to stand for about twenty-four hours, in order 
that it may coagulate spontaneously, and divide itself into 
a firm clot and perfectly clear serum. 

54S. Two or three fluid drachma of the serum are first 
removed from the Buriace, and placed in a small platinum 
or porcelain capsule ; the exact quantity of senun taken, 
being aaeertaiued by again weighing the capsule and its 
contents. It is then placed on a chloride of ualeium bath, 
and, when perfectly acj, again weighed, in order to deter- 
mine the relative proportions of aohd matter and water in 
the serum; the weight of the dry residue, and the amount 
of lOBB during evaporation, representing rcBpectively the 
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proportion of solids and of water in the quantity of Beram 
employed. 

543. From the numbers thus obtained 
(aasuming that the whole of tic wat«r in the blood ensts 
in the form of aenim) to estimate the quantitv of aEEm 
contained in 1000 parts of the blood, since we hare before 
ascertained the amount of water in 1000 parts of blood 
(539). and also the relative proportion which the Beram 
bears to the water contained in it (542), tlius : — 

light of . / -Weight of ^ , Vtight or < 



1 

lie I 
lb. I 

11 ■ 



IWntgM as , , WBigbi or ^ , wught or t j 

wW^h^l .. I h,\m [ . \ SloM I 

eiapo- r •■ 1 put! [ ■ ] putt I 

rated to Dt I of 1 

dr;neH. ' ^ blooit. ' ^ blood. ' 



541. Another portion of the . ^ 

exactly 500 grains, is now to be weighed out in a, platmura 
or porcelain capsule, and evaporateato dryness on a water 
bath. This will serve for the estimation of the albumen, 
oily and crystalline fats, and alcohol and water extractiyes. 

545. The dry residue is to be carefuUv detached, by 
means of a knife, from the capsule, wliich should be placed' 
on a sheet of clean paper, in order to catch any fragment* 
that may be projected over the sides of the capsule. ITiB 
drf mass is l^cn reduced to fine powder in a mortar, abo 
placed ott a sheet of psper, caretuUy avoiding the loss (rf 
any of the particles. The powder is then digested in 8u«s- 
cessive small quantities ot boiling etiier, wliieh may be 
poured off, as the insoluble matter readily subsides to the 
bottom of the capsule (647). 

546. The etherial solution thus obtained, containing tlu 
fatly matters, both oily and crystalline, is to be evapontel 
in a capsule of known weight, on a water bath, until th> 
whole of the ether is expelled. The residue is now 
weighed, hv which the whole amount of fatty matters it 
Hsccrtained. It is then treated with cold alcohol, whidi 
will dissolve out the oily fat. The weight of the rendsA 
left on evaporating the alcoholic solution, therefore, wM 
represent the amount of oilt tat in 600 grains of serum; 
and the difference between this and the weit^ht of the wbtdB 
fatty matter shows the quantity of solid or CBYSTimM 
FATTT MiiTEB in the Bome serum. The proportion of each 
of these, which is contained in 1000 parts of blood, may 

he calculated as follows ; — 
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For tU oily fat. 

f WLof^lj l fWl.ofsBruml f P""?""'™ of o"T 1 

5U0 : \ felinsoo I ;; J in 1000 panst : i (.tin 1000 puis I 

For the cryetalline fatti/ matter. 
rwt. ofcrjsud-l I" Wt. of serum 1 f Propimlon of crystal- 1 
■ l([Ti'o'a^.J"l ofblood. J ' 1 ° ofWood. J 

547. The reaidue which proved msoluble m the ether 
{545), ia now to be wanned, in order to expel anj tmcea of 
etlier that may Htill be preaent, and then treated with 
boiling wat«r, which wiH coagulate the albumen, thna ren- 
dering it insoluble ; wlule tie extractive matters are die- 
Bolved out (549). The mixture ia then filtered, and the 
iniolttble residue of albnmen waahed on the filter with hot 
water, until a drop of the filtered liquid canBea no precipi- 
tate, or merely a yery alight opalescence, when tested with, 
a. solution of nitrate of si&er. 

648. The albnmen, thus freed from eitractiTe and aoluble 
saline mattera, is to be dried and weighed ; but as some 
traces of inorganic matter arc always Bssoeiated with the 
albumen, the dry mass is to be incinerated, and the weight 
of liie ash deducted from it, when the difference will repre- 
sent the amount of pure iLBUMBN in BOO grains of serum. 
The proportion in 1000 parts of blood may then be calcu- 
lated, thus ; — 

r ProporUm of albu- I 



1. J i. Dtbl. 



549. The aqueous solution filtered from the albmneu 
(547), contdnhig the extractive mattera and soluble salts, 
is now to be evaporated to dryness in a capsule of known 
weight, on a water bath, and weighed. The dry residue is 
then treated with alcohol, which should be poured off and 
renewed as long as anything continues to l>e dissolved by 
it. The alcohoEc solution is evaporated to dryness on a 
water batli, and weighed; it ia then incinerated, and the 
weight of ^e ash is deducted from that of the diy mass 
previous to inuineration. The nnmber thus obtained re- 
presents the amount of aicohol bxtbactivb in 500 grains 
of Bemm, which may be reduced to the proportion iu 1000 
parta of blood, as follows : — 

f Wt. of nloohol 1 f Wt. of Mnim l f Proportion of alcohol 1 
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550. The portion of the dry residue which proved in- 
Boluhle in alcohol (549), is now to ha dried, weighed, and 
ignited ; tho weight of the aah heing dedncted from that 
M tho dry mass previooB to ignition. This will give the 
weight of the wateb bxtbactiyb in 500 grains of serum, 
from whii'li the quantity in 1000 parts of hlood may be 
Bfltimated as in the former cases ;— 

609 : Jcii™^t.ta 500 I:; J in iwB parts I : \ exlnot.lS lOOO^'L 
Lgrs.ofMruni. J L ofblood. J L rfblqod, J 

561. Wo shall now havo estimated the proportion of 
water, and of all the solid constituents, with the esceptim 
of the C0EPUSCLB8. The proportion of these is known by 
deducting the sum of the several soUd matters, the weighta 
of which are already determined (including everything out 
the corpuscles), from the weight of the whole solid matter 
contained in 1000 parts of blood (539), tie difference repre- 
senting the proportion of corpuscles present in 1000 parte 
of the £uid. 

552. The results of the analysis may then he recorded aa 
follows, and should, when aaded t«f;ether, amount to ft 
fraction less than 1000. 

Water 

Corpuscles 

Albumen 

Fibrin 

Alcohol extractive 

Water extractive 

Oily fata 

Crystalline or sohd &>ta 

Fixed saline matter .... 



Quantitative analysis of coagtUafed hlood, including til 
estimation of the water, corjmscles, albumen, fibriiit 
alcohol extractive, water extractive, oily fall, cryiialhn* 
and solid fait, and fixed saline matters. 
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weigUt, it is to be corered over to prevent evaporation, and 
Bet Hflide in a cool place for about twenty-four hours, when 
it will be found to bave separated into a firm (dot and eleor 
Berum. Tbe weigtt of the whole blood is to be accurately 
determined either before or after coagulation.. Three or 
four fluid drachms of the clear serura are firat drawn off 
with a pipette, weighed in a platinum or porcelain emcible 
of known weight, evaporated to drynesa on a chloride of 
calciium bath, and the weight of the dry reBJdue aacertained. 
The loss of weight during evaporation representing the 
water, we thus determine tlie rektive proportions of sour 

MiTTEB AND W4TEB IN THE SBEUM. 

554. The dry residue of tbe aerum (653) is now to be 
incinerated, until the ash becomos whit* or grey ; and the 
latter is then weighed. The proportion of ?isbd saline 
HATTBB OF TEE SBBm IS thus ascertained. 

555. The greater part of the rcraaming dear serum is 
now to be carefully poured ofi' from the coagulum, and 
retained for lurther eiamination (565). The laat portions 
of thehqnid are to be removed by means of a fine pipette, 
or by sucking it up with httle roIlB of bibulona paper (532), 
caretiUlyavoiding the removal of any portiona of the dot. 

556. The coagulum, thus separated as completely ae 
possible from the senim, is now to be divided into two 
portions of exactlv equal weight (523), each of which will " 
then contain one half of the fibrin and corpuscles present 
in tbe quantity of blood oporated on, together with a 
certain amount of serum. These two equal portions we 
will distmguish aa A and B. 

557. jyeatmento/theporiionofclatA. — Thia portion of 
the dot is to be cut with a abarp knife into toe shcea, 
careftJly avoiding auy loss. These are then tied up in a 
piece of fine mnalin, and washed, until thev become qnite 
colourless, when it may be condnded that the whole of the 
corpuBcles and aerum has been washed out. The fibrin is 
now dried on a chloride of calcium bath at a temperature 
of about 230°, and weighed. It still, however, contwns 
traces of earthy salts, the quantity of which is known by 
incinerating the dry fibrin, and deducting from it the weight 
of the ash. The loss of weight during mcineration repre- 
aents the quantity of fibrin contained m one half the dot, 
and thia, when multiplied by two, givea the proportion of 
FIBBIH in the quantity of blood employed. 
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558. Treattnmt of tie portion qf dot B.—Tlm half of 
the clot is to he weighed in a capsule of known weight, 
and eTBporated to dryness on a chloride of calcium hath. 
The resiaue is now weighed, and the loea of weight during 
evaporation will show the amount of water present in hau 
the clot ; which, when multiplied bj two, gives the qnantily 
of WiTBE COKTAINBD IS THE ENTIHB ctoT ; while th8 
weight of the dry residue, alsomultiphedhy two, reprosenta 
tlie amount of bolid hatteb pbebbkt in the entibi 

The dry residue of B is to be retained for subaeqiient 



puaclea, together with the sohda contained in the porl 
of serum with which the clot is saturated ; we now EaTi 
caloulatehow much of the weight is due to the sohda (^ti)« ' 
serum. Assuming that the whole of the water present in 
the clot is due to the serum, and knowing the rekdnv 
proportions of water and sohd matter in the serum (563); 
knowing also the quantity of water present in the entire 
clot (558) ; the amount of solid matters in the clot whioh 
belong to the serum, may he calculated in the foUoning 



iralrf. J Uru>de,.p,J L dlot, J 



560. The weight of solid matters of the serum thna found 
to he present in the clot, is to be deducted from the weieht 
of the entire solid matter of the clot (558), when Uf 
difference will represent the weight of the fibrin and ea» 
pusclea j the weight of the fibrin, however, having been 
already ascertained by a separate experiment (657), WB 
have merely to deduct that amount, in order to detennins 
the proportion of coepttsclks in the quantity of blood 
emplojed in the analysis. 

561. Now since tlie blood may be said to consist whollj 
of fibrin, corpuscles, and serum ; and knowing, as we w 
(557, 560), the weight of tlie fibrin and the oorpuacles ; wo 
can, by deducting the combined weights of those two nib 
stances &om the weight of tjie entire blood, learn the pro 
portion of sEBirM in Uie quantity of blood operated upon. 
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5G2. But we have before determined the relfttive propor- 
tions of solid matt«r and water in the Bemm (663) ; so uiat, 
assuming that the whole water of the blood ia due to the 
aemm, we can, from the quantity of aenun obtained in 
paraeraph 661, estimate the proportion of watbs in the 

f Wt.ofwrnml fLonsofirt. 1 f Wl.orseruml fPnjporlionotI 
J obidli wu I . Jdnringen-I ..J In quaolllj I , J wiii«r In I 
1 e.ii«ir»tad f ■ 1 pamUon, f--l of blood f ■ 1 qnuilLljof f 

L tdirmBi J L (wUer.) J L lued. J L blood u»d. J 
663. The drj; roaidue of the portion of the dot B (558) 
is now to he incinerated. The weight of the ash thua 
obtained, multiplied by two, wiU gire the amount of the 
inorganic ealte contained in the clot. A certain portion of 
this weight, however, is due to the aalta of the serum 
which was contained in the clot, the amount of which may 
be learnt by the following calculation, aince we have before 
determined the relative proportiona of aolid matter and 
inorganic ash in the aemm (653, 664). 

(Wl.o/Bshl fWt.otwUdl /Wt, ofiah 



By deducting this number from the weight of the ash of 
the whole clot, wo ascertain tho amount or inorganic aajine 
matter derived froiD the fibrin and corpusclea. 

564. In order t« determine the whole amount of fixed 
ealta in the blood, we must now reckon how much the whole 
oi the serum contains. Thia is done as follows : — 
f Wdghlof -1 rwi,0f«h-) fWl.ofM--| fWslghtorfliDdl 
rMnimPt^c-l . J from same [ .1 nun in I . J mlta in I 

1 BUod to f ■ ] quamity of f ■ ■ 1 (''« "olirc f ■ 1 (hn whole f 
L drjne». J L Mram. j L blood, J L .fnini. J 

By adding Mgelher the ash of the serum thua obtained, 
and that derived frtim the llhrin and corpuscles (563), we 
ascertain tho proportion of phed salinb BiTTBB in the 
qnantity of blood employed in the analysis. 

66S. Eatimatioti of the albumen, extractivee. and fatty 
matlert. Five hundred graina of the clear serum (656) are 
to be weighed out in a platinum or porcelain evaporating 
basin, and evaporated to dryness on a water bath. The 
basin is then placed on a clean sheet of paper, and the dry 
residue carefiilly detached from it, and reduced to fine 
powder in a mortar, taking care that none of the small 
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frasmentH are lost. The pulverized reaidne is then treated 
witii auceeBBive small portions of boiling etlier, until all the 
soluble matter ia removed (545). 

566, The etherial solution is now to be evaporated to 
dryness in a capsule of knowa weight on. a water bath, 
and tlie residue of fatty matter weighed. This is then 
digested with cold alcohol, in order to dissolve out the 
oily fat, which will be left as a reaidue after evaporating 
the alcoholic solution to dryness. The weight of this oitY 
FAT ia then taken ; and the difference between this weight 
and that of the whole fatty matter, left on evaporating the 
etherial soiution, will represent the quantity of cbtstali-inb 
OB aoiiD FiT contained in five hundred grains of serum. 

667. The proportions of theae fats present in the whole 
quantity of Wood employed in the analysis, are calculate 
as follows :— 

For the oiJy fat. 
f Wt. ofclJy 1 r Wt. ofBeniminl f Jroporttonof oOi 1 
MO : J ftl in 6O0 gra. I : ; JquancHyofbtoodV : i. flil In qiuntlR I 
L ofHruiQ. J I luedtaei). i L ofbloodnnd. J 



568. The portion, of the residue which proved insoluble 
in ether (566), is now wanned to eipel the atill adhering 
ether, and tlien digested in boiling water, which will dis- 
solve out the extractive mattera, leaviog tho coagulated 
albumen undissolved. The latter is separated from tho 
solution by filtration, and washed with warm water unt2 
the waahinga cause merely a slight opalescence when tested 
with nitrate of silver. The albumen is dried, weighed, and 
the dry mass then incinerated, in order to deteirnine tlw 
amount of inorganic ash with which it is associated. Tba 
ash is weighed, and its weight deducted from that of tht 
dry mass previous to incineration. The differeaee betweoa. 
the two weighings represents the quantity of albttiibr in 
500 grains of scrum, Tho proportion of albumen contained 
in the whole quantity of blood may then be estimated U 
follows : — 

fWt.otiJbu-^ r WElshtof T rPrepdrton of «l-1 
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5(19. The solution filtered from tte albumen, and eon- 
taining the extractive matters and solttble aalta, is evaporated 
to diyneaa in a capsule of known weight, on a water hath, 
and weighed. The weight of the evaporated residue having 
been noted, it is exhausted with alcohol, and the alcoholic 
extract ia evaporated to diynesa on. a water hath, and 
weighed ; it is then incinerated, and the weight of the ash 
ie deducted from that of the dry maaa previous to inci- 
neration. The weight thus obtained represents the quantity 
of ALCOHOL BXTBACTiTR in five hundred grains of serum, 
which may he reduced to the proportion present in the 
whole quantity of blood used, in the following manner: 



■■^. 



L b]t>od used. J L nB«d. J 

570. The portion of the residue which the alcohol f^ed 
to dissolve (569), is now to be dried, weighed, and inci- 
nerated ; the weight of the ash being then deducted from 
that of the di7 mass previous to incineration. This will 

five the weight of watek extsacitve contained in five 
undred grains of serum, from which tie proportion present 
in the whole quantity of blood used may be estimated as 



■ 1 500 gr^ of f ■ ■ 1 quantity of f ■ i qun 
L KTum. J LblooduMdJ I 



if blood 



571. The results of the analysis may then be summed 
up as follows ; and if the esperunents have been conducted 
with care, the numbers will, when added together, coincide 
very nearly with the whole quantity of blood employed in 
the analysis. 

Water 



Fibrin .. 
Alcohol E 
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573. In ordtT to reduce these sereral ammmta to the 
proportion pontaiiied in 1000 parts of the biood, the fol- 
lowing calculation must he maae iu each ease : 
rWl.oC| _ fWi.dfe^hl j-ProponlcmorUiueQO-l 

I used. J ' "1 nblilned. J ' L otbldod. J 

The several qua 
togetlier, amount tc 



Average eom^aiiwn qfMealthy Biood. 

573. The foUowina analyses will serve to show tie tiBnsJ 
composition of healtfiy blood. 

Analysis I. Sealtkg Venous Bhod. [Dumas.) 

fFibrin 3 

130'Clot,.,1f,, , I IHaonatin 8 

r'^^'^^MAlbmninouB matter ISG 

^ater 790 

Albumen 7ft 

Oxyeen "l 

Nitrogen > 

Carbonic acid J 

Extractive matter i 

Phosphorized fat 

Cholesterin 

Serolin 

Oleic and margHriii acids 

Chlorides of sodium and potassium . . . 

Muriate of ammonia l 10 

CarbonateB of soda, lime, and magnesia 

Phosphates of soda, lime, end ma^eeia 

Sulphate of potaBh 

Lactate of soda , 

Baits of the fatty acids 

VToOow cdooring matter / 



QUANTITATIVE ANALYSIS OF BLOOD. 153 



Anal^fsis II. (Simon,) 

Water 795.278 

Fibrin 2.104 

Fat 2.346 

Albumen 76.600 

Globulin 103.022 

Hsematin 6.209 

Extractive matter and salts 12.012 



Analysis III Sf TT. (Becquerel and Bodier,) 

Showing the mean composition of male and female blood. 

Male. Female. 

Density of defibrinated blood 1060.00 ... 1057.50 

Density of serum 1028.00 ... 1027.40 

Water 779.00 ... 791.10 

Fibrin 2.20 ... 2.20 

Fattymatters 1.60 ... 1.62 

Serolin 0.02 ... 0.02 

Pbospliorized fat 0.49 ... 0.46 

Cbolesterin 0.09 ... 0.09 

Saponified fat 1.00 ... 1.04 

Albumen 69.40 ... 70.50 

Blood corpuscles 141.10 ... 127.20 

Extractive matters and salts 6.80 . . . 7.40 

Chloride of sodium 3.10 ... 3.90 

Other soluble salts 2.50 ... 2.90 

Earthy phosphates 0.33 ... 0.35 

Iron 0.57 ... 0.54 



Analysis V. (Lecami.) 

Water 790 

Solid residue 210 

Fibrin 3 

Organic residue of serum 72 

Inorganic ditto 8 

Blooa corpuscles 127 



I 
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Analyaif VI. {Enderlin.) 

Shomitff the composid'on of the oak of human hlood. 

Tribasic phosphate of sodal oo iqo'I 

CMorideofBfJ'di^:;;;!!:!;!.:!!!. 54.769 l 83.746J^'};^'® 

Chloride of potasBium 4.416 "■ ™^- 

Sulphate of potash 2.461 J 

Phosphate of hme 3.636 \ 

Phosphate of magneaia 0.769 I ,- ■-. fInBolnble 

Peroxide of iron and ph.08phate| y~. »»(. f "' I aalta. 

98.921 




CHAPTER m. 



674. The chemiBtTT of the blood in its pathological con- 
ditionH has, imtil within the liiat few years, occupied very 
attention from the chemist or pliyBician, the conM- 
quonee of which haa been, that mach ignorance haa alwajl 
prevailed, and, it is to be feared, still prevails, among toe 
ffreat mass of the profession, reBpeoting t\i\a important and 
mteresting subject of inquiry. It is not unreaaonsble to 
anticipate that the fresh knowledge which we are now 
almost doily acquiring in this and other kindred bra&chel 
of physiological and pathological chemistry, will gradually 
lead te higfly important ana beneficial practical results, in 
the more enlightened treatment of disease, and the man • 
reoAj mitigation of suffering. 

575. The variations which are found to oc<Tir in 
chemical composition of morbid blood may he divided into 
two classes ; — 

Ist. Those in which, so far as we are aware, no abnonnal 
matter, not contained in hetdthy blood, is present ; but I 



^^m MOBBID 155 

^^^Kin which one or more of the normal constitnenta of 

^^^K healthy blood exiatB is a, greater or lesB proportion than 

^^F in the healthy fluid. 

^^d. Those in which w 

or more ahnormal ma,tterB which ( 
healthy blood. 
576. To the flrst of these classeB belong those cases in 
which we find an eieesa or deficiency of water, corpuBctea, 
albumen, fibrin, fatty matters, chofesterin, nrea, or inor- 
ganic Balt« ; and to the second, those in which either sugar, 
biliarr matter, pus, eatozoa, or other abnormal matter, can 
be detected. I will briefly notice each of these morbid 
conditions of the blood, together with the mode of eiamiaa- 
tion, whether chemical or microscopic, which will be found 
moat readily applicable to each. 



,iS8 I. — Morbid blood in tnhich no ahnormal mailer i 
presenl. 



Blood containing an exeegs or deficiency of Water. 
577. The proportion of water even in healthy blood 



average, however, contained in human blood, aeems ia be 
from 790 to 800 in 1000 parta. 

57S. In some forms of diaeaee. as, for example, ansmia 
and chlorosis, the proportion of water is usually much 
greater, and has been known to amount to upwards of 900 
parts in 1000. In certain other pathological conditions, on 
the contrary, the blood is foimd to contain considerably 
less water than is present in the healthy fiuid ; in cholera, 
for instance, where the blood is so rich in sohd matter as 
aJiuoat to resemble jelly in appearance, it has been known 
'o contain not more than 480 parts of water in 1000. 

fi-n FUL ,-. ... : - ■, in any apccim 

-,, „ „._ _j _ raporating a known 

weight ofthe fluid in a weighed or counterpoised capule, 
on a chloride of calcium bath, heated to about 220° or 230°, 
until it ceases to lose weight. The loss of weight during 
the evaporation will then represent the proportion of water 



ji tlie qaantitj of blood emplojed, which may be reduced 
to 1000 parts, as follows ; 



Blood containing an excess or deficiency of Corp-utclei. 

580. The aycrage proportion of corpuscicB contained in 
healthj human, blood, appears to be irom 120 to 130 parts 
in 1000. In disease, especially in some forms of fever, it 
sometimes increaees considerably, and has been known to 
amount to 186 parte in 1000 ; while in antemia, and certain 
other affections Ions known as being attended with great 
poorness of blood, the proportion of corpuscles frequently 
does not amount to more than 60 or 70, and has been 
known to be as low as 21 in 1000 parts. 

581. The direct determination of the weight of the cor- 
puscles is a matter of considerable diiEenlty, so that they 
are generally estimated by deducting the combined weighs 
of the water, fibrin, and solid matters of the acrum, which 
are easily determined eKperimentally, from that of the 
entire blood, in the manner described in paragraphs 618, 
627, &c. 

582. According to Figuier, their weight may be deter- 
mined with considerable a«curaoy by mixing: tlie blood, 
previously weighed and defibrinated by agitation, with 
fragments of lead (607), with abont twice its bulk of a strong 
solution of sulphate of soda (specific grayily 1.13), filtering 
through a filter of known weight (Prao. Chem. 641), and 
washing the corpuscles on the filter with a little more of 
the saline solution (456}. When most of the liquid haa 
drained through, tlie filtor with its contents is dipped in 
boiling water, and allowed to remain in it some httle tune, is 
order to dissolve out the salt ; while the organic matter of 
the corpuscles is coagulated by the heat, and thus rendered ' 
insoluble. The filter with the corpuscles is then dried at 
212°, weighed, and the weight of the dry filter, provionilj 
determined, being deducted, tlie difiereuee will represent 
the weight of the corpuscles contained in the qnauttty of I 
blood operated on. 



683. The microBcopic anpearance of tlie corposclea is 
also not imfrequently founo, to vary under the influence of 
disease, the modifieationB of form Ofcurring occasionally in 
the living body, but more frequently after death. Most 
of these SiangeB are due to the phenomena of endoamoais 
or exosinoaia, already referred to (456). Thus they are 
aometimeB met with having a more or less globular form, 
owing to the entrance of fluid leas dense than the aenun of 
healtiy blood ; at other times they are found to have a 
wrinkled or indented outline, aimilar to that which the 
healthy corpuscle assumes when placed in contact with 
strong aaJine solutions of high apecinc gravity. (See fig. 60, 
page 122). 

584. In examining the blood corpuscles under the 
with a view to detecting any abnormal 
as a consequence of disease, it muat be homo 
ind that these and other analogous changes in tlie form 
of the corpuscle, are artificially induced by the action of 
water or other hquids with which they may have been 
allowed to come in contact ; such contact should therefore 
be carefiilly avoided. The wrinkled appearance is aome- 
titnea caused also by the concentration of the serous fluid, 
owing to spontaneous evaporation (456). 



■l 



flood containing an excess or deficiency of Albumen. 

585. The averageproportionofalbumen in healthy blood 
appears to he between 70 and 75 parts in 1000; while in 
disease it is oceaaionaUy (aa in cholera) as high as 131, and 
(as in Bngbt's diacaae) as low as 65 parts in 1000. 

586. The amount of albumen in any specimen of blood 
may be ascertained in the manner deauribed in paragraphs 
547, 668 ; or a weighed portion of serum may be carefully 
neutralized with dilute hydrochloric acid, diluted with an 
equal bulk of water, and boiled for about a quarter of an. 
hour. The coagulujn of atlmmen is then separated by 
filtration ; washed with a little boiling ether m order to 
remove the fat ; dried at 212°, and weighed before and after 
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Shod containing aa excess of deficieai})/ ofFihria. 



^^^H incineration; the difference between the two weighinp 

^^^H being the weight of Blhiimen in the ammtitv of eemrn 

^^1 used (548). 

^^^1 6S7. The quantitatiye estiraation of tlie other constituents 

^^^H of the blood may, if neceBaary, be oondocted aa in the case 

^H of healthy blood (503 &c.). 

^H tJir 

^H foil 

^H 10( 

^H fOD 

^H clo 

^H th< 

^H fib 

■ z 

^^ do 



. Healthy human blood usuaU;? contains from two to 
three parts of fibrin in 1000 ; while in diaosse it has been 
found to varj[ from a more trace to upwards of ten parts in 
1000; B eonsiderable increase in the amount being nsaally 
found in most forms of mflammat^ry disease. 

589. The pecuhar appearance frequently to be aeen after 
DOi^ulation, in blood taken from the bod; during certain 
pathological conditions, long known aa the huffy eoat, is 
caused by the upper portion of the olot being compoBed 
aimoat entirely of fibnn, or of some modification of protein 
closely allied to it, unmised with the red corpuaclea. This 
nay he owing eitlier to the blood-corpuscles subsiding in 
the hq^uid more rapidly than in ordinary blood, or to the 
fibrin coagulating more slowly; in either case tbe upper 

jortion ofthe coagulated fibrin would be more or leaa free 
_Tom the corpusdea to which the red coloor of the ordinary 
olot is due. The blood iu which the bufiy coat is found to 
occur is, in most cases, rather rich iu fibrin, and it wm 
formerly regarded aa a sure sign of inflammation ; an 
opinion which has since been proved to be altogether 
erroneous (454). 

590. The proportion of fibrin may be readily determined, 
either in coa^ated or freihly drawn blood, in the manneF 
already described. For freshly drawn blood, see paragraph 
610 &D., and for coagulated blood, see paragraph 524 &c. 

The quantitative estimation of the other mgredienta may 
also, if ueceaaary, be conducted in the same mumer aa io 
healthy blood (603 &c.). 



Blood cimtaiiii/iff a. 



IS of Fat/^ Matter. 



591. The average amount of fat in liealthy blood appears 
to be Bometbin^ more tian two parts in a Uiousand. Tlic 
whole of the oily fat probably exists in combination with 

Cotash or soda, forming a kind of Hoap ; ao that in the 
eallJjj fluid no oil globules can be detected. 

592. In ['ertajn pathological conditions we oecasionaUj 
meet with blood containing a eonsiderable quantity of free 
fat, which ia held in mepension, in tho form of minute 
globules in the serum, giving that flnid a more or less 
opaque or milky appearance. In this form of bloo^, which. 



scope, innumerable fat globules, 
which may be readily diatin- 
guiated by their bright centres, 
and black well-deflued outlines 
{Fig. 63). They may be aepa- 
rated by a^tating the blood witli 
a little ether, wluch will readily 
disBolve them. 

593. The amount of fat in any 
be determined by evaporating to _ 

of tho fluid, poanding the dry residue, and boiling it with 
Bueceesive small quantities of ether. The ethenal solu- 
tion of the fat thus obtained is evaporated to dryness 
in a coimteijioised eapaule, and weighed; its weight 
representing the proportion of fat in the quantity of blood 
employed. 

694. The quantitative determination of the other con- 
stituents of tlie blood may, if required, bo effected in tho 
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S-63 Fat in blood, 
imea of blood, may 
less a knon*n weight 



Q the healthy fluid (503 &c.) 



- '896. Minute traces of tholeaterin appear to be alwaya 
present in healthy blood, though some obaervers have 



failed in their endeavoura to detect it. The amount, liow- 
ever, in tertaia formH of diaease, not nnireqaently riaes u 
hieh aa 0.15 to 0.20 in 1000 parts ; and in one ease of so 
aiBed milky blood, Lecann found not less tlian 1.08 in 1000. 

596. WLen an excess of choleBterin is suspected to be 
present in any specimen of lilood, it may be separated ani 
estimated with tolerable accuracy in the following manner. 
A known weight of the blood is evaporated to dryneHB on ft 
water bath, and the dry residue, after being reduced fo fine 
powder in a mortar, is digested for a few hours in ethM, 
the solvent action being nsaisted by occasional boiliiig. In 
this way the choleBteria, together with the other fat^ 
matters, is dissolved, and may be obtained by evaporating 
the etherial solution oa a water bath. The residue is then 
deprived of the oily portion of the fat, by digestion with cold 
alcohol, which leaves undissolved the eholesterin, with tie 
other solid fatty mat- 
ters ; the crystalline 
scales of eholesterin 
(Fig. 64), which are ^ 
eaaQy distingniahabli' 
from the rest, ma_\ 
then be, for the mosl 
part, mechanically 

separated with the __^ ^ 

pomtofaknife. Their "^^^^^^Sbe=^ 

weight may then, af- ^"^^^^^=1-7 

ter drying, be ascer- ^^ cbiie.couL 

tajned. if necessary, 

697. The quantitative estimation of the other constitnenti 
may be conducted as in the case of healthy blood (S03, ie.). 



Blood coniainin^ an excest of Urea. 
G98. Minute traces of urea are probably always pFeMnt 
in healthy blood {iSi), thoagh the amount is so smful u (0 
be incapable of determination, unless considerable quonti- 
ties of blood arc used. In some forms of diseaae, howeveTi 
espeoially in Bright's disease, cholera, and certain otlwf 
pathological conditions, in which the ftinctiouB of the 
urinary organs are to any serious extent interfered with. 



161 
tlie amonnt of urea is foand to increase considerabty, and 



nav frequently be met with in a auffidentlj large quantity 
o be weighed. 

599. The detection and estimatioa of urea in the blood 
oay be conducted ia the following manner, A known 
.reight of serum is first evaporated to drynesB on a water 
bat£, at a very gentle heat, a precaution neeessary to be 
obseired, since a temperature of 213°. long continued, Bnch 
as is required in this analysis, would probably cause tlie 
decomposition of some portion of the urea. The dry residne 
ia reduced to fine powder in a mortar, and treated with 
distilled water, heated to about 300°, the quantity of which. 
may he about double the volume of the serum employed in 
the experiment. The mixture ia allowed tja digest for about 
half an hour, at 200°, after which it may be filtered from 
the insoluble residue of albumen, which latter must be 
washed whde on the filter, with a little more warm water. 
The filtered aqueous solution is now evaporated to drynesa, 
and the residue digested with a little absolute alcohol, at a 
very gentle heat, which may he continued for about half an 
hour; a little fresh alcohol being added occnaionnUy, to 
replace that lost by evaporation. The mixture is then 
filtered ; the clear alcoholic solution is evaporated to dry- 
ness, and the residue treated with a little lukewarm distilled 
water, which will then contain merely the urea, together 
with a smaU quantity of extractive matter. 

600. The aqueous solution thus obtained, is CTaporafed 
at a very gentle heat, to the consiatence of a syrup, and 
then mixed with a few drops of pure and colourless nitric 
acid (16, 182), the mixture being kept cool by immersine 
the glass containing it in a little cold water, or, still bett«r, 
in a freezing mixture composed of equal weights of crystal- 
lized nitrate of ammonia and water. If urea is present, 
delicate crystalline plates of nitrate of urea {CjH^N^Op 
HO.NOj) will gradually appear (Fig. 2, page 5), which, 
if in sufficient quantity, may bo dried b_y gentle pressure 
between folds of filtering paper, and weighed. 5rom the 
weight thus obtained, that of the tirea in the quantity of 
serum employed, may be calculated as follows ; — 

L ofu TM. J I urei. J 1. ^ _J 1. mt™ employed. J 

123 : tW 
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601. K no appoaranw of CTyataUization can be detected 
with the nukeo. eye, a drop of tliR acid licjuid, cooled by 
mcana of a, freezing nusture, is to be enamined under tM 
nricrOBcope, by which meana very emaU traces of urea may 
be detected (181). 

602. The quantitative determination of the other con- 
ititnentB may he effected with a fresh portion of the blood, 
in the aamo manner as in the healthy fluid (503, &c). 



603. The average proportion of inorganic saline mattffl 
in healthy blood appears to be about seven parte in 1000. 
In scurvy, and some otlier pathological conditions, th^ 
amount has been found to increase, and lias been known 
te amount to as much as eleven parts in 1000. In some 
other diseases, on the contrary, the amount faUs below dx 
liealtliy average. 

The proportion of fixed aaline matter in any speciinen 01 
morbid blood, may be determined as in the case of the 
healthy fluid — viz , by evaporating to dryuess a knows. 
weight, and ineinurating the residue until the ask bectmw 
ne^y colonrless. The weight of the ash thus obtained!, 
represents the amount of salts in the quantity of blood 
employed. 

604. The presence of nric acid (urate of soda) in tlw 
blood of gouty patients, may be shown by evaporating S 
httie of the fluid to diynesB on a water-batn, and adding a 
shght excess of dilute hydrochloric or acetic acid to a aticuf 
aqueous solution of the extract. After standing a dayff 
two, minute crystals of uric acid, fifniiiir to those fonned 
in the urine, are gradually deposited, and may be identified 
under the mieroseope (186, 194), or by their behavioiit 
when treated with nitric acid and ammonia (23). 



—Morbid blood eontaining same abnormal 
ingredient. 



Blood containing Sugar (CsiS,iOn). 

605. The blood of patients suffering from diabetes 
ippears most eommonly to contain a very sensible nmonnt 
Di sugar. Thia may usually be detected in the following 



606. Tbe portion of sermn intended for examination ia 
first evaporated to dryness, either in vacuo over Bulphuric 
acid (Pra*!. Chem. 646), or at a very gentle heat on a 
water bath. The dry reaiduo ia then reduced to tolerably 
fine powder, aud treated with a Email quantity of boiling 
water, which will have the effect of coagulating .the albu- 
men, and dissolving out the sugar, together with the ex- 
tractivB matters and soluble eafts. The mixturo ia then 
filtered, and the dear Bquid examined for sugar, by means 
of Trommer'a teat, which may be thua applied. 

607. The hquid is treated with a drop or two of a solution 
of sulphat* of copper, and then supersaturated with potash 
(123)i the eieess of which will probably, if sugar is preaent, 
redisBolve the blue precipitate of hydrated oxide of copper 
at first tlirown down. The mixture may now he gently 
boiled for a few minutes, when, if sugar is present, an 
orange brown or ochre-coloured precipitate of suboiide of 
copper will be thrown down ; while, if no sugar is contained 
in wie mixture, the precipitate will be nearly black (134). 

608. It ia always more satisfactory when practicable, 
even when Trommer's test affords tolerably decided indica- 
tion of sugar, to confirm the result by applying also the 
fermentation test (137), and eiramining under Uxe micro- 
scope for the torula (132) i since certain other organic 
matters besides sugar give rise to the formation of the 
suboxide. 

609. When, after having proved the presence of sngar in 
the blood, it is ret^uired k< determine its amount, the fol- 
lowing method of msulating it is perhaps the best, though 
the results must not be regardea as by any means exact. 
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but merply bb an appronmation to the tnitli. The fer- 
mentation process (336) cannot be here applied, since trBcet 
of carbonic acid may be evolved bj some of the other con- 
Btituenta of the blood, when no sugar is preeciit. 

610. A known weight of serum la eraporated to dryness, 
either in Ya<;uo over sulphuric add (Prac. Chem. 646), or at 
a venr gentle heat on a water bath. The dry reeidiie is 
then finely nomminuted, and treated with boiliAg water, in 
which it may be allowed to digest for three or four hours, 
in order to enanre the solntion of the whole of the sohible 
matter. The aqueous solation is separated from the allm* 
men by filtration, and evaporated to dryness as before. 
The d^ residue is now digested with alcohol, which leave! 
undissolved portions of the saiioe and extractive matters. 
The alcoholic solution is aeain evaporated to dryneae, and 
the dry residue treated with ether, which dissolves out tlw 
fat, leaving undissolved the Bugar, nused with a Ktllft 
alcohol extractive and chloride of sodium. This residue n 
once more dissolved in alcohol, and the alcoholic solution, 
on being allowed to evaporate spontaneously, will gradual^ 
deposit the sugar, mixed with a little chloride of sodium, in 
the form of small hard crystals. These are to be washed 
with a very small quantity of cold water, and pressed 
between folds of filtering paper, in order to remove most of 
the uncrystallizable matter. The mixed crystals of si^ar 
and salt are then dried on a water bath, and weighed. St 
careful incineration, the sugar may then be bnmt o4 
leaving the incombustible saline matter ; the weight rf 
which, when deducted from that of the dry mixture prerioM 
to incineration, will represent the proportion of sugar in 
tte quantity of serum uaed. 

611. The quantitative determination of the other consti- 
tuents of blood containing sugar may be efieeted in the 
same manner as in the case oT healthy blood, the wei^t 
of the sugar being deducted from the extractive matter 
(503, &c.) 



Blood containing Biliary MaMtr. 

612. In jaundice, and some other afTections in wbioh th* 

iiinotions of tlie liver are interfered with, an accmntdaticn 

of biliaij matter is found to take place in the blood, givinf 
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the Hernm a more or leas decided saSrou or orange brown 
colour, which, is due to the peculinr colouring matter of 
the bile, caDed biliphain. 

613. The preaonpe of bile in the blood may be detected 
by adding to a Kttie of the dear Berunij a few drops of 
nitric acid, which will throw down, the albumen ; the pre- 
cipitate hiiTiag, if biliary matter (biliphcein) is present, a 
decided greenish tint, while in healthy semm it would be 
white, or very nearly ao. 

614. If ao small a ijuantity of bilo ia present as to fail 
in producing a perceptibly green colour with nitric acid, a 
little of the suapected serum may be first concentrated by 
CTaporation at a temperature not exceeding 120° or 13(r, 
andT then eibausted with alcohol or water, and the solution 
tested in the manner already described in the case of urine 
(149—152). 

615. We have at present no means of estimating the 
quantity of bihary matter contained in blood, though the 
depth of colour of the serum furniahea some indication of 
the relative amount preaent. The quantitative determina- 
tion of die other constituenta of the blood may be made m 
the same manner as in tlie analysis of the healthy fluid 
(503, &c.) 



Stood containing Paa, 

616. The existence of pus in morbid blood is probably 
by no means a rare occurrence, especially in diseases whien 
are attended with suppuration. Its detection, however, is 
far &om easy, since we possess no characteristic chemical 
t«at by which it may be distinguished from the ordinary 
constituents of the blood ; and in microscopic appearance, 
the pus granules very closely resemble the oolourleHs cor- 
puades which are always preaent in the blood (464). The 
pus granules are in general somewhat larger than the white 
corpuHcles of the blood, and when treated with dilute acetic 
acid, develop internal nuclei, which are usually from three 
to five in number, and more distinct than those in the white 
corpuscles of the blood. The pus granulus, when present 
in blood, appear to have a tendency to adhere together in 
groupa of five or sis; while the colourless corpuscles of the 
blood always float detached from each otliiT. 
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617. According to Heller, the granulea of pus, when 
miied with blood, aubside much more alowly tTiiin ihe 
blood corjjuBcles ; «> that when present, they may alw^ 
be found in the uppermost layer of the coagulum. Mb 
reeommendB a thin iJice to be taken from the upper surface 
of the latter, which after being mixed with a little distilled 
water, should be fllt«red throuSi muslin, in order to separate 
the fibrin. The blood eorpusdes are for the most part dis- 
BolTed by the action of the water (458) ; and afler allowing 
the filtered liquid to stand a short time in a tall gla^s, the 
pus ffranules will be fonnd at the bottom of the liquid, and 
may oe detected under the microscope, 

618. The action of ammonia upon pus baa been propoaed 
by Donn^ aa a test for ita presence m the blood. When 
blood, free fi»mi pus, is mixed with ammonia, it becomti 
clear ; while if pus is present in any considerable qntmti^, 
the hqiiid becomes more or less gelatinoua. If the aoiODnt 
of pns present is small, stringy floccoli only are formed, 
which subside to the bottom of the liquid. 



Blood eoxtaining 

619. Instances have occasionally been obaeired, in whicli 
minuto thread-like animalcules have been present in con- 
siderable numbers in the blood. Tliose described by Dr. 
G&odfellow, which he detected in the blood of a patdent 
sufferina from fever, measured from j^jsth to =-B*ijotn of a& 
inch in length, and from .p^on th to ^500x1*^ <" *" ""ch "" 
diameter. The only method of detecting snch entozoa in 
the blood, is to examine it earefiilly under the microsoope, 
with as high a mognilying power as the obaenrer has at oil 
command. 



PAKT IV. 

MILK, MUCUS, PUS, BONE, <fec. 



CHAPTEfi I. 

MILK. 



Creneral c&araciert of Milk. 

620. Mi] It, ae is well known, is a watery liquid, having 
ia Holutioii a certain amount of casein, sugar of milk, 
or lactine, and e!ctra(;tive matter, t«getjier with several 
inorganic salts, and holding in suspension myriads of 
extremely minnte globnles of fatty matter, plainly visible 
through the microscope, which give the flmd its peculiar 
white and opaqne appearance. It has a pleasant and rather 
sweetish taste, and a, slight agreeable smell, especially while 
warm. The specific gravity of mil It varies considerably ; 
that of woman being aometimea as low as 1020 (the average 
being 1032), while that of the sheep is as high as 1041. 

621. Fresh mUk is almost invariably shghtly alkaline to 
test paper, but on exposure to the air, especiallj in warm 
weather, it rapidly beoomeB acid, owing tfl the conversion 
of the sugar of milk into lactic acid (ZrO,C,fl"jOj), nnder 
the influence of the casein, which acts as a ferment (630). 
If the milk had been long retained in the mammary glands, 
this change occasionally takes place before being i&awn ; 
and in some morbid conditions also, the milk is found lo 
have an acid reaction even when ireshly drawn. 

622. When allowed to stand for a few hours, the fatty 
globules, which have a somewhat lower speciflo gravity 
^an the fluid portion of the milk, ^adually rise to the 
surface, carrying with them a portion of the caseous matter, 
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fonnliig a layer of cream, nhich is more or less thicli and 
copious itt proportion to the richness of the milk. 

623. If a little acetic or lactic acid, rennet, or even aoai 
milk, be added to hot milk, the casein of the latter is pre- 
cipitated iu iko coapilated form; and the same effect ia 
produced hy wammig milV or cream which has been allowed. 
to torn sour ; the souraess being due to the lactic acid, bto 
which the augar of milk has been converted. The solid 
and liquid portions into which the milTr is thus divided, are 
commo^ tailed curds and whey. 

634. Before describing the mode of analyzinE mflk, I 
will briefly notice tke several constituents which we find 
contained in it — viz., casein, sugar of milk, fat globules, 
and saline niatter. 

SECTIOIT II. 



625. Casein ii 

to the young animal ; for which purpose it is admirablr 
adapted, from the readiness with whicn it appears capabu 
of being converted into the otlicr modifications of protein — 
Tiz., fibrin and album en. 

626. It maybe obtained in a state of tolerable purity by 
evaporating a quantity of millt to dryness on a water-bath, 
and reducing the dry residue to powder in a mortar. Tiaa 
ia lien boiled in successive portions of ether, in order to 
dissolve out the fat. The residue which remains insoluble 
in the ether is then dried, and digested in water, whitji 
will dissolve the casein and other soluble matters of the 
milk. On adding alcohol to the aqueous solution, Ihs 
casein is thrown down in the form of a white curdy preri- 
pitate, which may he purified by again diMolving it in 
water, and once more precipitating it oy means of ^cohoL 

637. It is most probable that pure casein is insoluble, or 
very sparingly soluble, in water, and owes its solubility in 
mil k to the small quantity of alkah which is preseDt. 
When dry, it closely resembles fibrin and albumen in 
appearaJice (179), and its behaviour with reagents is in 



moat caaea very similar ; it differs from tie latter cliiefly 
in not coaeulatmg when heated ; and it is preci}iitated by 
acetic, and nearly all the aeidfl, but rediasolves in a con- 
aiderable exceas of moat of them. The ferrpcyanide and 
ferrideyanidc of potassiom also caoae precipit^ea in solu- 
tions of casein. 



Sugar of milk, or Lactine (Cj^H^^Oa,). 

628. The angar contained in mil It , may be prepared in 
the following manner : — The curd, including the greater 
part of the easoin ajid fat globules, is first separateoby th.e 
addition of a few drops of acid to hot milk, and the remain- 
ing traces of those aubstances are then removed by mixing 
a Ettle well-beaten white of egg with the whey when cold, 
and afterwards boiling the mixture. The whey, thus 
clarifled by the coagulating albumen of the egg, is filtered 
from the precipitato bypassing it throngh moslln orealico; 
and the clear hqaid may then be evaporated to about one- 
fourth, or one-fifth its bulk, and set aside in a cool place 
for a few days. The sugar wiU gradually separate from 
the liquid, in the form of minute hard crystala, which 
adhere to the surface of the containing vessel. These may 
be purified by dissolving them again in water, boiling tlie 
Bolution with animal charcoal, and recrystallizing. 

629. This vaiiety of sugar is leaa sweet than that obtained 
either from the cane or Uio grape (114) ; it is also harder, 
and less aoluble in water, requiring as much aa five or sis 
times its weight of cold, and two and a bnlF times its weight 
of hot water to dissolve it. Whon mLted with a little 
hydrochloric or aulpburio acid, sugar of milk gradually 
becomes converted mto grape sugar {C„H^^O^^, and thia 
change takes place more rapidly if the solution is boiled. 

630. Tinder the influence of the caseous matter of the 
milk, this form of sugar gradually passes into lactic acid 

iSO,C(fIIiO.), a change easily accoimted for, since the 
brmula of the sugar is a multiple of that of the acid, one 
equivalent of the former being nroken up int« four of the 
latter. 



631. The minute globules which are heM anspcnded 
I opacity a 
due, coDBiBt mainly of oily fat, whieh appears to be 
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aurroimded by a thin coTering of insolubli 
in its propertit 
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probably pompoBed of one of the 
modifications of protein. 

632. The size of the globolei 
in. healthy tnilTr varies from & 
mere point, to about ^^^th of 
an incli in diameter, the arerage 
size being rather more thim 
^tk (1%. 65). 
TIS.«! mil Sola... 63S In the mijk "tieh » 

Becreted durmg the tirst few 
days of lactation, called the coloBtnun, and vrhieh ia alwa^ 
mufh richer in quality than ordinary milk, — - ■■ ' - 
addition to the common millf 
globulea, nimierona f[ranttlflj 
corpuscles of a pale yellowish 
colour, and conHiderably larger 
than the others, their diameter 
vMring from vJoo tli to soHtb of 
an mch (Fig. 66). SimflM- cor- 
puscles are ^so occasionally pre- 
sent in milk secreted during dia- 
eiiae. They appear to be ahnoat 
peculiar to human milk, being 
rarely met with in that of the 
cow and other aniraais. 

034. The fatty matter of milk ^^, ^^^^^ 

consists for the most part of a i.uifnBuiBs 

Bohd fat called margarine (Cj,Hj.O|j), miicd with a liqnid 
fat or oil called oleine (C^gfijjO,-,), together with small 
quantities of butyrine and other fats. The proportioji it 
which these several fats are found mixed in milk, rariei 
considerably, being influenced by the health and food rf ' 
the individual, the season of the ye ar, and other circum- 
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Margarine , 

Elaine 

Butyric, caproic, and capric acids . 



Saline Matters. 



635. It is probable that the following salts are preaent 
in milk, though an analysis of the anIi wUl not, of coorBe, 
detect the organic and volatile compounds included in the 
list, since the]? are either decomposed or Tolatilized during 
iheproceBsor incineTfttionr — the cMoridesof potaeaiimiand 
sodium ; the phosphates of potash, soda, lime, and mag- 
nesia, with traces of phosphate of the peroxide of iron ; and 
the lactates of potaau, soda, lime, magnesia, and probably 

636. According 1» Haidlen, the ash obtained by incine- 
rating 1000 parta of cow's milk, conaiated, in two instances, 
of the following anbatanccB : — 

Phosphate of Ume 2.31 

Phosphate of niagneaia 0.42 

Phosphate of peroside of iron . , . O.OT 

Chloride of potassium 1.44 

Chloride of sodium 0.24 

Soda 0.4S 



637. The presence of these several salts may be proved 
by ajjplying to a solution of the ash in wat^r end hydro- 
chloric acid, the testa mentioned in the chapters on the 
urine and the blood (41, 490, &c.) 



CompiaitioH ofHuit. 



. Milk: 



^^H 638. In healthy hnman milk, the several c^nstitnentp 

^^^a which I have now briefly described, are not always present 

^^^1 in the same relative proportioDB ; various cirenmBtances, as 

^^m ihoi " ' 

^m oat 

^H the 

^H will 
^H 

^* Wa 



those of age, temperament, and food of the mother, i 
oa the penod of lactation, causing considerable variations in 
the composition of the secretion. The following eiamplea 
will serve to ahow to what extent these rariations nsnally 

AnalyHa I. (Simon.) 



SAowmg the mean offoarteen ancdyaes made at different 
periods, vnth the milk of the same vmman. 

Water 883.6 

Solid constitQentB 116,4 

Butter 26.3 

Casein 34.3 

Sugar of milk and extractive mattem 48.8 

Filed salta 2J 

Analyses II., III. if iTi (Clemm.) 

Tha ftmnta day TbeidnCbdiy ThetwdflbdiJ 
after e1eUt«fj. After dBllrer;. sftfir ilallTvy. 

Water 879.648 ... 885.818 ... 905JOS 

Solid constituents 120.152 ... 114.182 ... 94.191 

Butter 42.968 ... 35.316 ... 33.454 

Caaem 35.333 ... 36.912 .., 29.111 

Sugar of milk andl 

eEtractive mat- } 41.135 .. 42.979 ... 31.537 



Salta,.'.' 2.(: 

Analyses V. i 

Water 

, Solid conatitaentB 



1.6! 



TI. (L'Heretier.) 



l.S 



^. 



ofmilk 74.0 
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Analysis VII. {Chevallier and Jleari.) 

Water 879.8 

Solid constituents 120.2 

Butter 35.5 

Caaein 15.2 

Sugar of milk 65.0 

Safts 4.5 



Composition of the Milk of other animals. 

639. Tie proportion of the aeveral conatituenta is found 
to differ considerably in tlie milTt of different animals. 
Tlie subjoined table, showing tte composition of the milk 
of a few of the more important domeatic animals, from tlie 
analyses of ChevaUier and Henri, will serve to illustrate 



Caaein 


4.48 . 
3.13 . 

4.77 . 
0.60 , 
87.02 , 


1.82 . 
0.11 . 

6.08 . 

0.34 . 

. 91.65 . 


4.03 
3.32 

0^52 
86.80 








Sugar of milk.. 
SaEne matter,. 
Water 


5.00 

0.68 

,. 86.62 



CHAPTEBn. 

(JITABTITiTITB A 



640. Two portions of imlk, one weighing about 100 
grains, and the other about 400 grains, are to be accurately 
weighed, tlie first in a platinum crucible or capsule, and 
the second in a porcelain capsule ; both the resscls having 
been preTiously weighed or counterpoised. The first 
portion, of 100 graiiis, we will call A, and the second, of 
400 grains, we w3l cal] B. 



174 (JCASTITATITB 

641. H'eiUment of the portion A.. — Thia portion, after 
being weighed, is to be eTaporated to drj^eaa on. a. wa.tex 
bath, or, Btill better, on a cldoride of calcium bath, heated 
to about 220°, until, on being weighed at intervala of baJf 
an hour or an hour, it ceases to lose any further weight. 
The weight of the dry residue will theu represent the 
amount of solid uatteb contained in the quantity of loiSk 
used, while the losa of weight during eraporation Bhows the 
amount of water. 

642. In these and the other determinations, the pro- 
portion present in 1000 parta of the milk, is calculated in 
the following manner : 

fProportlaii of thUI 
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613. Til.- . 

the cmcible, with its contents, ia to be placed aver & lamp, 
and kept at a red heat ontil the whole of the charcoal u 
burnt away, and the ash becomes whit« or nearlv^ so. Ths 
weight of the aah thus obtained, will represent the amount 
of iNOBQ-ANic BALiNB MATTBE in the quantity of milk 
eyaporat<!d ; from whicli the proportion in 1000 parte may 
be calculated as before (643). 

644. IVeatmeni of the portion .B.— This portion, after 
being weighed, is to be mixed with about one-fomih its 
weight of finely pounded hydrated sulphate of lime (CaO, 
80j+2Aq), or unbumt gypsum, with which it is to be well 
stirred for a short time, and theu raised to a temperatura 
of 213° ; by which means the whole of the casein trill 
become coagulated, and insoluble in water. The mixture 
is now to be evaporated to dryness on a wat«r bath, being 
occasionally stirred, in order that the sohd residue of the 
nulk may he pretty uniformly mixed with the sulphate rf 

645. The mass, when dry, is then easily reduced ta> 
powder ; after which it is to be digested with suecesnTS 
small quantities of ether, which will dissolve out the wludB 
of the fatty matter. The ethereal solution is now emgo- 
rated to diyriBBS on a water bath, and the residue weighed [ 
its weight representing the amount of fat in the qnand^ 
of milk operated on ; &<nn which the proportion present m 
1000 parts of milk may be calculated ae before (642), 



646. The portioi 
in etter (645) ifl 
long aa anything dis8olvea. In this way, the whole of the 
sugar, together with a little saline matter and alcohol ex- 
tractiye, is disaolTed. The aicohohc Bolation is to be 
evaporated to dryness on a water, or chloride of caloiiun 
bati, and the dry residue, having been accurately weighed, 
is incinerated ; the difference between the weight before 
and after incineration, will then represent the quantity^ of 
suGi-B, witb a httle alcohol extractive matter, in the portion, 
of milk employed. The proportion contained in lOTOparta 
is thea calculated as in the former cases (642). 

647. The remaining portion of the dry residue, which 
resisted the action of the alcohol (646), is to he dried on a 
water, or ohloride-of-calcium bath, weighed, incinerated, 
and the weight of the ash aacertaineii. The loss of weight 
during incineration will represent tlie amount of casein, 
witJi a little water extractive matter, in tlie quantity of 
milt used, from which the proportion in lOOO parla may be 
determined as before (642). 

648. The proportion of casein may also be estimated by 
adding together the amount of water, fat, sngar, and saline 
matter, a&eady aHcertained as being present in 1000 parts 
of the mili, and deducting the sum of them from 1000. 
The eiperimental determination is, however, to be preferred. 



CHAPTEB m. 



i. BUSIHQ msEASB. 



649. The milk which is secreted during disease is usually 
more or less modified in its composition ; even shght 
derangements of the system, and any great mental anxiety 
or sudden emotion of fear, &c., not imfrequentlv have the 
effect of disturbing, in a remarkable manner, flie natnral 
character of the secretion. The exact nature of these 
changes b very imperfectly tmderatood. They are probably 
sometimes merely variations in the relative proportions of 
the several constituents of the healthy fluid; at others, 
and perhaps more frequently, certain abnormal matters are 
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650. With the asBiatancc of the microBCope, we are not 
unfrequently able, with great facihty, to detect the preseiiM 
of certain morbid products which are not found in the 
healthy secretion. The peeuliar form of milk called ihe 
eoloBtmm, which is secreted during the first fow days (rf 
lactation, lia* been already mentioned as differing very 
coDsiderably in mierfweopic appearance from healthy milt, 
and BB containing numerouti granular eorpnacles, much, 
larger than the ordinary milk globules (633). TTie cor- 
puscles of the coloetrmn also show a tendency to adhere to 
each other, while the globules of the healthy fluid usually 
float freely about. It occasionally haimens that the milk, 
instead of changing, in the course of a lew days, to ita more 
natural condition, continues for n length of time to possess 
the characters peculiar to colostrum ; and has even been 
obserred to change back again to this condition, after being 
secreted for a time in a healthy state. The presence of the 
colostrum corpuscles (Fig. 66), and the slightly viscid 
appearance also charactertstio of this condition, may at 
once be detected under the microscope, 

651. The presence of pus, which dnriag the formation of 
a mammary abscess oflen finds its way into tlie milk, may 
also be detected nnder the microscope, bv the occurreooe 
of the peculiar pus granules (Fig. 67). Blood corpuscles, 
too (451), we also found, though more rarely than those of 
puH, owing, in most eases, to the ruptnre of aomo of the 
minute blood-vcaaola with wMiih the mammary gland is 
permeated (Fig. 68). 
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Fig 67, Pua in mili- ^'6- "S' Blood in r"iTV 

652. In addition to the strictly morbid products, oQm 
substances, especiaUy certain salts, which hare been token 
into &e system either in the food or as medidne, appeal 



QfiNTITiTIVK 

occasionally to find their way into the milt, where they 
may BometmieH be detected by the proper testa. 

Anuh/sis of tie eohetrum of a woraon, together vjith that of 
the healihi/ milk ^tke same individual. (Simon.) 



I Water 828.0 . 

IJoIid constituents 172.0 ,, 

Fat 60.0 .. 

Casein 40.0 .. 

\ Suearofmilk 70.0 ., 

SaEne matter 3.1., 



CHAPTEE IV. 



653. It is well known that much of the rnillr which is 
auppUed in largo towns is ahnost constantly more or less 
adulterated, and although the substanceB employed for the 
purpose are in moat cases comparatively mnosiouB, it i« 
much to be wished that some amiple and efficient test of 
its genuineness and purity could be devised, capable of 
being applied by those who arc unaccustomed to eiperi- 

664. The Bubstancea moat commonly used for the purpoae 
of adulteration appear (o bo, water, flour, starch, andflnely- 
pouuded chalk ; and besides these, the macerated brains 
of sheep and other Hnimala are said to be sometimes intro- 
duced. All these, with the exception of the first, may be 
easily detected. 

655. On examining a Uttle of the milk under the micro- 
!, the peculiar granules of starch and flour may be 
' n (Fig. 69 a), larger and more oval than the milk 
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Fig SO. Starch ftranulaa. 

globules, if either of those substances is present ; and when 
eiamined with polarized Ught, each ^rarnile will be foand 
to exhibit a dark cross, as shown at b, in the figure. Should 
any doubt exist fla to tieir real nature, the addition of a 
drop or two of a solution of iodine will impart to the farina 
granules a dark purple colour. 

656. The microscope wUl also serve to show the presence 
of macerated brain, which may be recognised by the oc- 
currence of fraeraents of nerve and other organized stxuo- 
tures, not found in pure milk. 

657. The presenee of chalk may be still more easily dis- 
corered, since, owing to its specific weight, it soon subiidei 
to the bottom of the liquid, whore it may at once be reco- 
gnised by its effervescing on the addition of a little dilute 
hydrochloric acid. 

658. We have no chemical means of aseertaimng whether 
water has been fraudulently added to mUk, the only effect 
being to dilute it, and render it of poorer quality. Xloiow- 
ledge of the specific gravity cannot here be maoe avaik; 
sinco the abstractiou of a portion of the cream, which 
a lower specific gravity than milk, may be made to neutraliw 
the effect produced by the addition of water ; the tendem 
of the removd of tno cream being to raise the spedl 
gravity of the fluid, and that of the additiou of water, to 
lower it. A specimen of milk, therefore, which has been 
impoverished tty the abstraction of its cream, and still 
further weakened, by the addition of water, may be made 
tj? possess the same specific gravity as it hod wnen taScea 
pure from the udder. 

659. It occasionally happens that the milk exposed for 
Bale is the produce of an unhealthy animal, ^ch millc 
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inaUy sooie peculiarity of taste or ametl, and also a 
slightlf^ viBcid and mmatiiTal appearance ; on being exa- 
mined under the microacope, too, it wil! probably be found 
to coatain puH or macus corpuaclea, or to present otlier 
appearances differing from, those of the healthy secretion, 
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660. Healthy raueuB, which ia secreted by the mncoas 
membrane with which the internal surfaces of the several 
parts of the body are covered, is a Hemi-fluid viacid snb- 
Btance, the general appearance of which is well known. 
It is BOmetimea so tMn and limpid as almoat to resemble 
water in appearance ; while at others, and more commonly, 
it ia tough, and estremeiy tenacious, becoming stringy when 
attempted to he drawn out. When thin and watery, it is 
□eaily transparent and colourlesB ; the more viscid forma, 
Lowever, being turbid or opaque, and uauolly of a pale 
yellowish or tp^jish colour. It is usually alkaline to test 
paper, insoluble in water, and somewhat heavier than that 
Quid ; HO that when phused in water it gradually sinks to 
the bottom, unless it w buoyed up by entangled aii-bubbles. 
The mucus obtained from the several pMl« of the body 
difiers considerably in appearance, and probably alao in 
chemical composition, Wnea dry, it ia hard and friable, 
resembling horn in appearance i the dry mass, on being 
digested in water, gradually awells up, and partially reaa- 
Bomea its former appearance. 

661, When mucus is examined under the microscope, 
with a power of about 200 diameters, it is found to contain 

h2 
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nmiui or ovil ^nnnlBr corpnsclm. together with 

lithelial sfaks (Fig-. 5|. entauzled in a more or lees Tueid 
fliud. to wlueh latter the p^fmiar tenacionB character of 
mnniE uipettrs to be due. Mncna. therefore, consists of 
two distinct portiaDS ; (he M>hd corpn^cles with epithelial 
Males, and Ae fluid with which they are surronnded. 
Under faTonrable cinmmst&Dces, and with a high mBgm- 
fying power, the fluid portion appears to be filled with 
eitremely minute molecular particlea, the nature of which 
is iiot cleariy understood. 

662. The size of the mncus corposdee varieH considerably, 
the aversige diameter beii^ about yj^th of an inch. Their 
surfaces are nanular (Fi^;. 70, a], gtmilar to those of poi 
(()78) ; and when treated with dilute acetic acid, the exte- 
rior covering loses its granular appearance, and becomes 
transparent, rendering visible from one to five internal 
nuclei (Fig. 70, 6). The same effect is produced by dilute 
oxalic andt^aric acids ; but the dilute mineral acids cause 
httle or oo change. 

663. Mncus appears to contain in its composition the 
following substances : — mucus corpuscles, epilheLal scales, 
mucin, traces of estractJTc matters and fat, sometimes a 
small trace of albumen, and saline matters ; which latt^ 
consist of alkaline chlorides and lactates, phosphate of lime, 
and traces of carbonate of soda. The ntufin, to which the 
pecuhar tenacious character of mucus appears to be due, il 
msolnble in pure water, and is probably held in solution ia 
the fluid portion of the mucus, by the small excess of alkali 
usually present ; it separates in the form of a white coago- 
lum when mucua is treated nith water, and atill mom 
completely when neutralized with dilute acetic acid. ThB 
miuute traces of fat found in mucus probably exist in tha 
eorpuBcles, though the exact chemical nature of thew is by 
no means clearly ascertained. 



QMantilalive Anal^tis of Mucus. 

Ae quantitative detcrminatior of the principd m 
9 of mucus may be made in the foUowmg nuuv* W 
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ner. The mucus intended for aniilysiB is first divided 
into two portions, A & B ; the first, A, being about one 
quarter, and the second, B, aboat three quarters, of the 
whole. Both portioDB are to be weiehed in counterpoiaed 
capsules, that containing A being of platinum, and evapo- 
rated to drynesB on a cUoride-of-calcium bath, at a tempe- 
rature of about 220°. 

665. Treatment of the portion A. — This portion, after 
being dried until it ceases to lose weight, is to oe accurately 
weiglied. The weight of the dry residue gives the amount 
of SOLID MATTBB to. the quantity of mucus evaporated, 
■while the loss represents the amount of watee. 

666. The proportion of these and the other ingredients, 
contained in 1000 parts of the mucus, may in eacn case be 
estimated by the following calculation : — 

f Weight of 1 (■ Wt. of BBCh con- "i f Pmiiortion of thsl "1 

\ bflfarlTi- r - 1 *n ih^qi^UtAf f : : K*"' : \ tamed m lono'^rts f 

667. The dry residue is then to be incinerated at a low 
red heat, until the ash becomes white, or nearly so. The 
weight of the ash will then represent the amount of bali be 
MATTBE in the quantity of muena used, irara which the 
proportion present in 1000 parts may be calculated as 
before (666). 

668 Treatment of the portion 5.— The dry residue left 
ailer evaporation (664), is to be removed from the capsule, 
and reduced to fine powder in a mortar. It is then boiled 
with successive small portions of ether, which will dissolve 
ont the fat. The etherial solution is evaporated to dryness 
on a water bath, when the weight of the residue will indi- 
cate the amount of fat in the quantity of mucus employed, 
from which the proportion in 1000 parts mav be estimated 
OS before (666). 

669. Tlie residue which proved insoluble in the ether 
(668) is to be boiled with a httie alcohol, after which tiie 
alcoholic solution is to be evaporated to dryness, and the 
dry residue weighed. Tliis is then incinerated, and the 
weight of the ash, deducted from that of the dry estrael, 
will give the amount of alcohol bitractive, with the 
lactic acid of the lactates, in the quantity of mucus used ; 
which may be corrected, as before, for 1000 parts (666). 
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670. The portion of the reaidiie which proved inBolnbte 
in the alcohol (660), ie to he dried and weighed ; the weiaht 
indiasting the amount of mccis, together witi ceUidM 
matter, and prohably traces of alhnmen, in the quantity of 
mucus employed ; from whicli the proportion preaent is 
1000 parts of mucua may he calculated, a^ in the former 
caacfl (666). 

671. According to Nasse, the composition of fresh pul. 
monary laucuB is as follows ; — 

"Wat^r 955.520 

Solid conatitaents 44.480 

Mucin, with ahttle albumen .,..i 23.764 

Water extract 8.006 

Alcohol extract 1.810 

Fat 2.887 

Chloride of aodimn 5.82S 

Sulphate of soda 0.400 

Carbonate of Boda 0.198 

Phoaphate of soda 0.080 

Phosphate of potash, with traces of iron 0.974 

Carbonate of potash , 0.291 

Silica, and sulphate of potitsb. 0.25S 



Morbid Maeus. 

ti72. The charad«rH of mucus secreted during disease m 
■usually more or less different from those of the normsl 
secretion, and an admixture of foreign matters frequently 
altera its ap^anmco considerably. Pus, for instance, when 
mi3ed witli it, diminishea its t-enacity, owing to the mncia- 
beine present in smaller proportion (663) ; and when d» 
liquid portion of mucus containing an adiuixture of pti^ 
is tested for albumen (254, 677), a considerable anKamt of! 
that substance may UHually be deteoted ; since tlie ligmt , 
puris, or liquid portion of pus, contains a comparatirdf 
large quantity of albumen, hut no mucin. Our raeana v\ 
detecting the presence of minute traces of pus in mucm ns 
very imperfect; the decided presence of alhinnen in tilt 
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purulent secretioii is, indeed, almost the only test, since 
the microBcopio chara^terfl of the corpuscles appear to he 
identical in both (249). 

673. The morhid mucus expectorated in pulmonary 
disease frequently contains, besides pus, red blood cor- 
puflclea, minute globolea of fat, fragments of tubereulous 
matter, and other abnormal subBtaneeB, most of which 
may generally be detected without difficulty under the 
microscope. The indications afforded by a careful loiero- 
soopic examination of such expectorations indeed, may 
often lead to results in diagnosis, of great importatioe to 
the practical phyaiciwi. 



I 



CHAPTER VI. 



General Charactern of Pas. 



671. Pus is the peculiar semi-fluid matter which is 
formed in abscesses, and in other kinds of wounds. In 
common language, a conaidorable Toriety of substances, 
more or leas resembling each other in appearance, thongh 
differing in many respects, are included under the name of 
pus ; and licuce it haa been found necessary to distinguish 
the normal secretion by the name of true, or genuine pas; 
the other substances beinf; called spurious, or fahe pus. 

675. Normal pus is a thick crearay-Iooldng fluid, perfectly 
opaque, and uanally of a pale yellow or greenish eoloor. 
It possesses httle or no tenacity, and may consequently 
bo poured in separate drops, in which respect it differs 
essentially from mucus, which, in colour and general 
appearance, it often much resembles. Its speciflo gravity 
is usually about 1030 or 1033, so that it sinks in water ; 



and if aliakeu up widi that fluid, miseB uniformly with it. 
The mixture, aA«r standing a short time, graduallj deposite 
a aediment, conaisting of the pus corpuBcles (678). It is 
most commonly neutral to teat paper, but is also occasiun- 
allj met with slightly acid and alltialiiie. 

676. Like mucus, pua coneiatB of a clear fiuid portion or 
aemm, in which float innumerable minute granular cor- 
pueclee, which latter appear to be ^most precisely the 
same as those cootaiuea in muinu, and when examined 
under the microacope, exhibit the same granular appear- 
ance. The hguid portion of pus, or liquor piirig, howerer, 
differs essentially from the fluid portion of mucus, and 
containa tlie foEowing aubatancea in solution, which, it will 
be seen, are neariT Uie same as thoae held in solutitm in 
the serum of the blood (573) — viz., albumen, together wili 
a peculiar compound called pyiu, or tritoiide of prot^Di 
which is soluble in water, and precipitated by aoetio atnd, 
fat, extractive matters, and inorganic salts. These latter 
consist, for the moat part, of chloride of sodium, with, small 
quantities of phospliate, sulphate, and carbonate of aodai 
tlie chlorides of potassium and calciiim ; phosphates and 
earbonat-ea of lime and mngncaia ; and traces of peroxide 

677. The presence of these matters in the Uqaur purii 
may be shown by placing aome pus in a tali narrow glsM, 
and allowing it to stand, in order to give the corpuaclea 
time to subside ; ai1«r which a bttle of the clear liquid ■ 
may be drawn off with a pipette. On boiling a few drops \ 
of this in a test tube, the albumen becomes coaenlatMli.' 
and separatea from the hquid ; &fl«T which the pyiD mw 
be thrown down in the form of a white flocculent pre- 
cipitate, by adding a little acetic acid. The liquid m^ 
then, if necessary, be tested for the sereral inorganic salti ' 
above enumerated (676, 490). 

678. The puB corpuscles, thougi quite invisible to the ' 
naked eye, may be distinguisli(3 under the microecoM' 
with a maguifyiug power of from fifty to one hundred div 
meters; a considerably higher power, however, is required' 
for exhibiting their peculiar granular structure (Fig. 70, a). 
The size of these corpuscles varies considerably, being' 
commonly about jjfenth of an inch in diameter. Thrf 
are nearly Bpheri<'al ; and have a very pale yellowisit 
colour, which is scarcely perceptible, unless several of them 
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are aggregated together. 
Being sEgitly heavier than 
the Lquor pnria with which 
they are surrounded, they 
gradually aubaide to the bot- 
tom, leaving the fluid por- 
tion nearly clear. Minute 

globulea of fat may usually p^, ^ p^^ ooronBolaa 

be detected, mixed with the magmfiadJOudiamateri." 

corpuscles. 

679. The puB GorpnaeleB, when treated with HguidB of 
different densities, exhibit the phenomena of endosmoais 
and exoamosis, somewhat similar to those already described 
OH taking pla^e in the corpusclea of the blood (4S6) ; in- 
creasing in size when the external liquid, such aa pure 
water, is of lower densitr, .and collapsing when it la of 
higher denaify, than the fluid contained in them. WhoD 
treated witJt dilute acetic acid, the estemal covering 
becomes transparent, aud exhibits one or more intemd 
nuclei {Fig. 70, 6). 

680. When mixed with a aolution of ammonia, pus loses 
its fluidity, and assumes a. jelly-like aj)pearanoe, which is 
highly characteristic. A somewhat aunilar effect ia pro- 
duced also by the alkaline carbonatea, and certain other 

681. Although the general appearance and characters of 
puB are usually sufficiently nmrked to enable ua to identify 
it, it is always advisable, m cases where any doubt exists, 
to submit it to microscopic examination ; since oeeasionally 
we meet with fluids containing a large quantity of epithe- 
linm and other products, which, in appearance, closely 
resemble pus, though differing entirely ia composition from 
that substance, and containing no trace of the characteristic 
pus corpuscles (678). The form of these corpuscles is found 
to vary considerably under certain pathological conditions; 
but there may generally be traced sufficient resemblance 
to the normal corpuscles, to enable ua to distinguish them 
from other matters. The modes of distinguishing between 
pus and mucus, have been already noticed in paragraphs 



a small coimt«tpoieed Bask ; 
intcrpoiaed or weighed evnpo- 



Quaniitalive Analysis qf Put. 

682. The quantitative snalysiB of pua may \ 
the following maimer ;— Two portions of the fluid axe U 
weighed out ; the first, A. ' " 

anf the second, B, in a c. 
ratine dish. 

6S3. Treatment of the portion A. — The portion A, aAer 
beiaB weiglied in tSo flask, ia to he boiled with, aucceanve 
amaQ quantities of atron^ or ahsolnte alcohol, which mntt 
be separated while hot, either by filtrotion or decantatioiii 
from the insoluble portion. The aleohoiic solution is then 
set aaide to cool, and allowed to stand a few hoiira, in ordec 
that the fat may, for the most part, crystallize out. Hie 
cold alcoholic liquid ie then poured ofl', ond the solid matter 
dried and weigned ; when the weight thus obtained will 
represent the amount ofpAT in the quantity of pus employed 
in the experiment, 

684. The cold slcohohc liquid (6S3) is now to be erapo. 
rated to dryneas in a t'ounterpoised platinum capsule, and 
the dry residue, after being weighed, is incinerated. The 
weight of the ash is then ascertained, when the differenM 
between the weight before and after incineration, will 
represent the quantity of extsactitb uatteb (together 
with traces of lat which had not separated from the cold 
alcohol), in the portion of pus employed. 

685. The residue which proTed insoluble in the boiling 
alcohol (683), ia to be driedon a water bath, and then boiled 
witi a little water, which will diasolve out the pyin, and at 
the same time cause the coagidatiou of the albumen. The 
aqueous solution thus obtained is to be separated from tha 
insoluble portion ; evaporated to dryness in a platinoa 
capsule on a water hath ; and the weight of the dry rendol 
haying been noted, it is to be incinerated. The differeiu^ 
between the weight of the dry residue previoi ' ' ' " 



) be dried and weighed. The dlj 
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residue is incinerated ; and tlie loss of weight wluch it 
experiences during incineration will show the amount of 
ALBUMEN AND CORPUSCLES in the quantity of pus ope- 
rated on. 

687. Treatment of the portion B, — The weight of this 
portion haying been noted, it is to be evaporated to d^ess 
on a chloride-of-calcium bath, at a temperature of about 
220°, the heat being continued imtil it ceases to lose weight 
on being weighed at intervals of half an hour or an hour. 
The loss of weight during the evaporation, will then re- 
present the proportion of water m the q[uantitv of pus 
employed ; while the weight of the dry residue shows the 
amount of solid matter. 

688. The dry residue is now to be incinerated in a 
platinum capsule or crucible, \mtil the ash becomes white 
or pale grejr. The weight of the ash will then show the 
amount of morganic saline matter in the quantity of pus 
used in the experiment. 

689. The proportion of the several constituents contained 
in 1000 parts of pus may then be estimated from the 
numbers obtained in the above experiments, by the following 
calculation : — 

{Wt. of pus 1 r Wt. of each ") f Proportion of that ^ 

used in the > : < constituent > : : 1000 : < constituent in V 
experiment J L obtained j t iOOO parts of pus. j 

690. From the analysis of Dr. Wright, the composition 
of pus appears to be as follows : 

Pus from Pus from a psoas P****^™* 
M. UD u uu> * uo u uiu a (Kn/ao mammary 

a vomica. abscess. abscess. 

Water 8944 885.2 879.4 

Fattymatter 17.51 28.8 26.5 

Cholesterm 5.4 J 

Mucus 11.2 6.1 

Albumen 68.5 63.7 83.6 

Lactates, carbonates, audi 

phosphates of soda, ?• 9.7 13.5 8.9 

potash, and lime J 

Iron a trace. 

Loss 3.3 2.7 1.6 
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691. The colour, texture, Bpecifii; graTity, and general 
cliaractere of bone differ very much in different parts of 
the body ; and the proportioiiB of the Bereral ehemiol 
ingredients are also found to vary considerably. The two 
principal constituents of bone are cartilage (Cj^Hj^NisOJ, 
and phoBphate of lime (8CaO,3POj) ; the proportion of m« 
first t)ein(; UBiiaJiy about 20 to 34 per cent., and that of tits 
latter from 50 to 60 per cent, oi the entire bone, 
other Eubstancea, which are present in emaller qnantitT, 
are, carbonate of lime (CaO,CO,j ; phosphate of toafOMW 
(2MgO,HO,POi) i fluoride of calcium {CaF); soluble bo' 
Baits, chiefly chloride of sodium i traces of the oxidea of ir , ., 
and manganese, and fat; which latter, however, doea not 
beloiiE strictly to the bone, but to the marrow contained in 
it. The presence of these several Bubstances ma; bs 
demonstrated by the following experiments. 

692. The cartilaginous matter of bone may be obtiuned' 
almost entirely free from the saline and other ingredient" 
bf digcstbg a bone for a day or two, at a temperature a 
higher than about 50°, ia dilute hydrochloric acid, compoH 
ofabont one part of the strong acid and five parts QtvaioK 
The earthy and saline matters gradually dissolve in the adA 
leaving the cartiiage unaffected, and still retaining th> 
exact form of the bone. In this state it is soft and elaatia; 
becoming, when dried, hard, somewhat brittle, and homj, 
in appearance. 

693. If the cartilage be boDed for some t , 
will almost wholly dissolve, being converted into gelatinj 
(C^Sjj^ieO„) ; leaving undissolved nothing moretluULI 
dehcate network of vessels. The aqueous solution UnM 
olitnined becomes, unless very dilute, gelatinous on eoolinf.. 
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694. The fat may bo separated by boiling; a few fragments 
of cruslied bone with ether, and evaporating the etherial 
Bolution ! when the fat will be left beiiind aa ft residue. 

636. The phoBphate of Ume aud phosphate of maj>7ie8ia 
may bo isolated by diBaolying a fragment of ealcinoa bone 
in dilute hydrochloric acid, and supersaturating tlie acid 
solution with ammonift; which will throw down a white 
gelatinouB precipitate of the mixed earthy pbospbatea. If 
tioB precipitate be examined under the microscope, it will 
be found to be chiefly composed of amorphous piarticles of 
phosphate of lime, mixed with a small quantily of the 
CFTstaUine double pliosphato of ammonia and magnesia 
(2MeO.KH^O,POj+12A.ii), showing the presence ofphos- 
phate of magnesia. 

696. The presence of carbonic acid (carbonate of lime) 
may be proTcd by the effervescence which ensues when a 
fragment of uncafciued boue is moistened witli dilute hydro- 
chloric acid. If the solution, filtered from tlie precipitate 



of lime (47 b) , which existed in the bone aa carbonate ; 
that portion only of the lime was precipitated by tlie am- 
moma, which was in combinatjon with phosphonc acid. 

697. If calcined bone, reduced to powder, be boiled for 
tome little time in a test tube or glass flask, with a little 
rather dilute sulphuric acid, consisting of about equal parts 
of the strong acid and water, the inner surface of the glaaa 
will generally be found to he sUghtly corroded, owiug to 
the dasengagemeat of hydrofluoric acid (hf) by the action 
of the sulphuric acid oamc fluoride of calcium. CaF+SO, 
S03= CaO,S0j+HF. This substance, however, does not 
appeal' to be invajiably present in bone, and some observers 
have been unable to aetect it. 

698. The presence of chloride of sodium may be shown 
by boiling a little calcined bone reduced to powder, with 
water, fifierinc from the insoluble earthy portion, and 
testing a few tfropfl of the aqueous solution with nitrate of 
silver, which will gire an abundant precipitate of the 
chloride (AgCl). By concentrating the rest of the solution 
to a small bulk, and testing it with autimoniate of potash, 
a white crystalline precipitate of antimoaiate of soda (NaO, 
SbOj) will gradually appear, showing the presence of soda. 

699. A httle sulphate of soda may also be detected, by 



w 



190 BOSE. 

means of chloride of barium (41 e), in, the soluble poriioii 
of calcined bono, thou(j;h no trace of aulphorie aeid is to be 
found in it previouB to calcination, being produced dming 
igmtion, by the oxidation of the Hulphur contained in the 
tieaues. 
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700. About three hundred gr^ns of the bone intended 
for analysis should be first cleaned &om adhering fat, peri- 
osteum, and other impurities, and then reduced totolenblj 
small fragments either by crushing or rasping. 

701. Jreatmentof the first portion. — Onehundredgriuni 
of the bone i^e to be dried in a counterpoifled platimun 
capsule or crucLble, on a chloride-of-calcium bath, at a Ve/mr- 
perature of about 250°, until it ceaseB to lose weight on 
beingweighedat interrals of half-an-honror an hour. The 
loss of weight which it experiences during desiccation re> 
preHeatfi the per-eentage of witbb. 

702. The dry mass is now to be incinerated in the capsule 
at a low red heat, until the whole of the organic matter ii 
burnt away, and the ash becomes throughout perfectly 
white. The weif^ht of this ash gives the per-centage of 
iirosaANic MATTBB Contained in the bone ; while the lou 
during incineration represents the per-centage of okgasic 
MATTER. The inorganic residue may then oe digested m 
dilate hydrochloric acid, and retained for subsequent en- 
mination (706). 

703. Treatment of the second portitn. — A second portion 
of the crushed or rasped bone, weighing one hundred 
grains, is to be digested for a day or two, in cold dilute 
hydrochloric acid, containing one part of the strong acid to 
five or six of water ; the whole bemg kept at a temperalare 
not higher than about 50°, aa otherwise some traces of the 
animaimatterof the bone would be acted upon by the acid. 
The whole, or at least by far the greater portion of the in- 
organic matter is thus £sBolFed, and when the acid liquid 
has been well washed out of the insoluble residue by meam 
of cold water, little will remun but tlie cartilaginous matlt^r 
of the bone. 



704. The cartilagintniB residue is to be evaporated to dry- 
ttass, or Dearly so, oa a, water bath, and then boiled with 
a little ether, which must be poured ofi', and renewed if 
necessary, until all the fat is diaaolved. The etlierial solu- 
tion ia then eyaporated to dryness in a counterpoised 
capsule on a water bath ; when the weight of the residue 
will give the per-centati;o of FiT in the bone. 

705. The matter which proved insoluble in the ether 
(704), consisting chieflv of cartilage, with trawa of inorganic 
matter, is now to he chied on a uhloride-of-calcium bath, at 
a temperature of about 350°, weighed and incinerated. 
The difference between the weight of tlie dry reaidue before 
and aftor incineration, will then represent the per-eentage 
of CABTiLiGE in the bone. 

706. The ash left after the incineration of the first 
hnnihed grains of bone (702). ia now to be dissolved in 
moderately dilute hydrochloric acid; a gentle heat being 
applied if'^ necessary. The acid solution is then slightly 
supersaturated with ammonia, which will throw down the 
phosphate of lime, together with the small quantity of 
phosphate of magnesia and fluoride of calcium ; as well aa 
any traces of peroxide of iron and oiide of manganese that 
may be present. The precipitate is to be well washed, 
filtered, dried, and ignited ; after which its weight will 
represent the amount of bowk eabth, consisting of phos- 

PHAIB OF LIUB with PHOSPHATE OF UAOKBBtA, ftlld FLCO- 

BIDK OP CALCIUM, in one hundred parts of the bone. 

707. If it is required to determine separately the pro- 
portion of phosphate of magnesia, the ignited precipitate 
(706), after being weighed, is to be remssolved in dilute 
nydrochloric acid; the acid solntion is then mixed with, an 
excess of perchloride of iron (Fe^ClJ) and supersaturated 
with ammonia. The phosphorio acid of the earthy phos- 
phates is thus precipitatedTin combination witli peroxide of 
iron, together with any excess of uncombined peroxide of iron, 
leaving in solution the chlorides of calcium and magnesium 
(Prac. Chem. 560). The hme (chloride of calcium) is first 
precipitated by adding oxalate of ammonia (NS^O,C,0^) 
em long as it causes a precipitate, boiling the mixture, and 
filtering. The filtered solution is then concentrated by 
evaporation, and tlic magnesia thrown down by adding 
phosphate of soda (2NaO,HO,FO^) and a decided excess 
of ammonia. The mixture is allowed to stand for some 
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hoara, ftft*r which 

, „ . ,0,PO.+12AqJ is 

filtered, dried, and ignited, by which it ie converted into 
phosphate of magnena |2MgO,POJ, and neighed. Thii 
weigiit will represent the amoimt of phosphate op MiO- 
NBSiA in the 100 graiiiH of bone, which, when deducted 
from the whole earthy phosphateB (706), will give the pep- 
oentage of PHosPHiTE of iime. 

708. The soiution filtered from the precipitate of earll^ 
phosphates (706), containing the portion of lime wliiu 
esiatod in the hone aa carhonate, is now to be treated with 
oialate of ammonia, aa long aa any precipitate is prodaced. 
The whole of the lime is thae Beparsted as oxalate (CaO, 
CjO,+2Aq), which, after boiling the miiture. is filtered, 
dried, mid ignited. The o^ate is converted, dnrinfl ' 

r'tion. into carbonate (CaO.COj), bo that the weiel 
ignited precipitate wUl reprcHent the amount of 
BOKiTE or LiuE in the hundivd grains of bone. 

709. As a check upon the estimation of the carixmate of 
lime, the amount of carbonic acid in the bone may be de- 
termined by placing 100 grains of the unbumt bono in fina 

powder, in a flask a, provided widi 
a desiccating tube o, containing 
fragments of chloride of lochia 
(Fig. 71}. A teat tube (c) 
taining hydrochloric acid is then 
piaffed in the flask, and the whole 
apparatuB is weighed ; after which 
the acid is allowed to flow gradnaUr 
upon the powder, from which tC 
wdl expel Oie caebokio icm. Tht 
amount of the latter, whicEt, hang 
gaseouB, escapes in a dry stala 
tlirough the chloride-of-caldnni 
tube b. is then represented by 
■"'fe- "' loss of weight which the apparstnf 

M-ith its contents experiences dnrii^ 
the experiment (337). It will probably be found that the 
carbonic acid thus determined, bears to the carbonate of 
lime (708) the proportion of 32 to 50, those being theatomid 
weights of carbonic acid and carbonate of lime reapectirdr. 

710. The solution filtered from the oxalate of lime (70^ 
which contoioB the soluble salts (chiefly chloride of 
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sodium), together with the excess of oxalate of ammonia 
employed to precipitate the lime, is now to be evaporated 
to oryness, and the residue ignited in order to expel the 
ammoniacal salts. The weight of the residue after igni- 
tion will then represent the per-centage of soluble saline 

MATTES. 

711. The following analyses will serve to illustrate the 
composition of bone, both of man and some of the lower 
animals. 

Analysis L (Von Bihra,) 

SJiotomg the composition of the hones of a child 

two months old. 

Tibia. Ulna. 

Phosphate of lime, with a little fluoride") g^ -^ eg 35 

of calcixun J 

Carbonate of lime 6.02 ... 6.07 

PhoGTohate of magnesia 1.03 ... 1.00 

SoluWe salts 0.73 ... 1.65 

Cartilage 33.86 ... 34.92 

Fat 0.82 ... 1.01 



Analysis U, (Von Bihra,) 
Composition of the hones of a middle-aged man. 

Femnr. Tibia. Humenu. Costa. 

59.63 ... 58.95 ... 59.87 ... 55.66 



i 



Phosphate of 
lime with a 
little fluo- 
ride of cal 
cium 

^^^^ ^^} 7.33 ... 7.08 ... 7.76 ... 6.64 

Phosphite of| 132 130 ... 1.09 ... 1.07 

magnesia ...J 

SoluWe salts ... 0.69 ... 0.70 ... 0.72 ... 0.62 

Cartilage 29.70 ... 30.42 ... 29.28 ... 33.97 

Fat 1.33 ... 1.55 ... 1.28 ... 2.04 

o 
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Analysis III, (Berzelius,) 
Com/position of human hone. 

Pho8i>hate of lime 51.04 

Fluoride of calcium 2.00 

Carbonate of lime 11.30 

Phosphate of magnesia 1.16 

Soda, with a little chloride of sodium 1.20 

Cartilage 32.17 

Vessels 1.13 

Analysis IV, (Von Bihra,) 
Composition of the hones of the lower animals. 





Femur of 


Femur of 


Femur of 


Humenuof 


sheep aged 


buUaged 


horse aged 


cat aged 


Phosphate of^ 


4 yean. 


4 years. 


6 years. 


6 years. 


lime with a 










little fluo-V 55.94 ... 


54.07 ... 


54.37 


... 59.30 


ride of cal- 








cium 








Carbonate of'i loiR 
lime .,.,,, J 


12.71 ... 


12.00 


... 10.69 


Phosphate of) , f^ 

maffnesia ...J ^'^ '" 
Solu we salts . . . 0.50 . . . 


1.42 ... 


1.83 


... 1.70 


0.80 ... 


0.70 


... 0.40 


Cartilage 29.68 ... 


29.09 ... 


27.99 


... 27.21 


Fat 0.70 ... 


1.91 ... 


3.11 


. . . 0.70 


Vertebrae of 


Humerus 


Vertebrae 


Vertebra 


Phosphate of] 


dolphin. 


of thrush. 


of snake. 


of salmon. 


lime with a 










Httle fluo-h 52.51 ... 


62.65 ... 


59.41 


... 36.64 


ride of cal- 








cium ' 




• 




Carbonate of) g 07 
lime J 


6.05 ... 


7.82 


... 1.01 


Phosphate ofl 038 

maCTCSia ....J 
Soluble salts ... 1 .24 ... 


0.90 ... 


1.00 


... 0.70 








0.84 ... 


0.73 


... 0.83 


Cartilage 33.97 ... 


28.02 ... 


24.93 


... 21.80 


Fat 





1.54 ... 


6.11 


... 38.82 
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SECTION III. 



Morbid Bone, 

712. Certain diseases are fouiid to be always accom- 
panied by remarkable changes in the chemical composition 
of the bones ; the earthy matter being sometimes so defi- 
cient, that they no longer possess the rigidity and strength 
necessary for sustaining the weight of the body. Other 
variations also are occasionally met with, a few examples 
of which are subjoined. 

Analyses of the TihuB of three rachitic children. 

(Lehmann,) 



I. 



Phosphate of Hme 32.04 

Carbonate of lime 4.01 

Phosphate of magnesia 0.98 

Chloride of sodium 0.21 

Soda 0.54 

Cartilage 54.14 

Fat 5.84 



II. 

26.94 
4.88 
0.81 
0.27 
0.81 

60.14 
6.22 



III. 

28.13 
3.75 

0.87 
0.28 
0.73 

58.77 
6.94 



Analyses of bone in osteomalacia, (Prosch.) 

Vertebra. Costa. 



Phosphate of lime 13.25 

Carbonate of Hme 5.95 

Sulphate of lime and phosphate of soda 0.90 

Cartilage 74.64 

Fat 5.26 

Analyses of carious bone, (Valentin,) 

Vertebra of a 
man aged 20. 

Phosphate of lime 33.914 . 

Carbonate of lime 7.602 ., 

Phosphate of magnesia 0.389 

Chloride of sodium 3.1571 ,. 

Carbonate of soda 0.118/ 

Otffanic con3titaents 54.830 .. 

o 2 



33.66 

4.60 

0.40 

49.77 

11.63 



34.383 
6.636 
1.182 

1.919 

55.880 



SlMiL FLriDS. 



■fa miiiSle-aged m 



Phoaphftte of lime wiQi a little fluoride rfcaldum 72.68 

Carbonate of lima 4.03 

Pboapliate of magneBia 1.93 

Soluble aaltB 0.61 



CHATTEB VTTT, 

EXAUIKATIOa OF MIX£9 AJflUAL FLincs. 

713. On account of the infinite number HJid rariet^ of 
or^tinic Hubstauces which may enter into the compontitn. 
of such a mixture as ire are now considering, it is altogetW 
impossible to lay down any general and coDEecuti-re schema 
of eiperimentB, which shall comprise all even of tiie mtn* 
commonly occurring organic compounds. All that 1 Bhtll 
attempt, therefore, in the present chapter, is to describs 
very briefly the methods ofdetecting the preaence of a few 
of the Bubetances which are most frequently met with is 
organic hquids, and whicL. arc of the most practical imptv- 
tanco to the pathologist and tie -' — ■-■ — 

714. The colour, consistence. . 
the fluid should be first earefuUy obaerrcd, as the preeene 

blood, mucus, fat, fibre, Ac 



714. The colour, consistence, and general appcarani 

- .. . . isthepres 

many substaneea, such as blood, mucus, , ..._.. 
may often be readily detected, even with the naked en. 



Should any solid or semi-aoUd matter be held 
in the hquid, or be found a« a sediment at the bottom, it 
should be separated, either by decantation, or by flltediV 
through fine mueUn or paper. 

715. The matters thus separated from the fluid may Im 
reserved for examination under the microscope, and ali^ 
if neceaaary, with other testa. The following subatancA 
among others, may in this way be readily detected:— 
muBCular fibre, and otlier orgamied tdssuesr — ^-"--'^ — 
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(328) ; mucus and pua granules (339) ; fat and milk gloLules 
(335, 633, 633) ; mfuaoria of aeveral kinds ; besidts various 
amorphouB and cryBtalline substancea, many of whifih may 
at once be recognised fay their peculiar form and appearance 
(315—333, &c.). 

716. The liijmd may first be test«d with litmiis and tur- 
meric paper, since the behariour of several of the aubatancea 
about hi be noticed, with, reagents, will be fonnd to rary 
according as the liquid containing them ia acid, alkaline, or 
neutral. 

717. The Bpcciflc CTayity may also be ascertained, when 
it can conTemently be done, as a knowledge of the density 
of the fluid will serve to fumisb some mdieation of the 
amount of solid matter held in. solution (278). 

Fibrin. 

718. When fibrin, in the soluble 8tat«, ia contained in a 
bquid, it gradually undergoes spontaneous coagulation, and 
separates from the solution, forming a more or leas firm 
etwgulum or jelly ; and if other matters are held in sua- 
penaion in the liquid previous to the coagulation, they are 
naually entanaled in it, — a familiar inatimee of which is 
afforded by the coagulation of blood (473). K the liijuid 
ia decidedly alkaline to teat paper, it shoidd be neutralized 
with a little dilute acid, as the excess of alkali would other- 
■wUe have the effect of preventing the eoagnlation, since 
fibrin is soluble in alkaline liquids (474). The more impor- 
tant pecidiaritiea of fibrin have been already noticed in 
paragrophB 473 to 481. 

Albumen. 

719. When albumen ia suspected tobe present in solution, 
the (dear liquid is to he gently boiled for a few minutes ; if 
coagulation takes place, and if the white precipitate thus 
occasioned does not disappem* on the addition of a few 
drops of nitric acid, albumen is present. If the mixture iR 
alkaline, it should be neutralized with nitric acid previous 
to boiling, since any excess of alkoh would tend to retain 
the Hlbomen in solution, and thus prevent the coa^ation. 
For fiirther particulara respecting albumen, and its beha- 
viour with reagents, see paraigrapLa 133, 235, 4fi6, &c. 



a AUiMiL Fi-riDB. 



7"20. Ca^eia may be recognised by ite fornmig a whita 
curdy precipitate, when the Botution contMning it is nen. 
trslizea, or very aliglitlj 8upergatnrat«d with acetic acid. 
It redisBolves, however, if the acid be added in decided 
excess. If tlie liquid is slightly acid to test paper, casein 
hardly need he looked for, since it ia not aoluble in aod 
solutions, unleas the acid ia present in considerable einen. 



n the surface, when exposed to the air while hot, — of which 
a fjunili nr example is afforded in the skin of boiled milk. 
If casein be dissolved in acetic or any other ncid, it is pre- 
cipitated on the addition of ferrocyenidc of potassium, thiit 
resembling the other modifications of protem (625). 

Pyin. 

721. This substance, which appears to be identical mSt 
the tritoxide of protein, and is consequently closely alliei! 
tothe other protein compounds, may be recognisea by iti-' 
throning down a precipitate with, acetic acid, which doet- 
not TcdisEOJTe in an excess of the acid. A solution of almOi 
also canses a white precipitate, insoluble in exceas; il. 
which respect pyin difiers from ^lutin and chondrin. (7% 
726). TT nlik p moat of the protein compounds, it is noi 
precipitated by feirocyanide of potassium. 

Put. 

722. When pyin has been detected in a liqiud, it ia noi 
improbable that, on examination with the microscope, Uw 
peculiar pus granules (678) will also be found to be preaenfc 
since pyin is one of the eharaeteriatic constituents of Ha 
fluid portion of pus (676). The principal characteraof thii 
substance, together «ith the modes of its detection, hwe 
been already described in paragraphs 153, 347, 674, Ac. 

Mmciis. 

723. If much mucus ia present, it ^ves to the mixture ■ 
more or less tenacious and ropy consistence, which ia verj 
characteristic. Under the microscope the peculiar mucui 
corpuscles, as well as the fragments of epithelium wltitA 
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QBnaUy acoompany tJiem, will also probably be fipparent 
{Fig. 5) ; Bad tliese, in conjunction witb the ropineas above 
" ' ' ■ " "■■■■' ^oftlu ' ■ 






iraUy sufficient evidence of tte existence 

present only in minute quantity, and 

lecially wh<^n mixed n-itb piw, it is often extremely diffi- 

t, if not impoBBible, to identify it witb any degree of 

certainty. (See alao paragraphs 31, 99, 210, 660, ice.) 

Gelatins; Glutin or Collia ; Chondrin. 

724. These snbstajicea, wbiob are formed by boiling the 
cartilaginoue tissues in wa.ter, closely resemble each 
other in many respects ; and their hot aqoeoua solutions all 
become gelatinous on eooling. Glue, isinglass, and the 
Beverai varieties of gelatine, met with in commerce, are all 
modifications of tbese principles. Both glutin and ehondrin 
aie immediately precipitated, even in very dilute solutions, 
by a solutioa of tannin. They are not precipitated by 
ferrocyanide of potassium ; in wnicb respect they difier froin 
tbe protein eomponnds. They are thrown down from their 
strong solutions by aleoliol, in the formof a white tenacious 
precipitate ; and creosote causes tbeir solutions to become 
turbid and gelatinous. 

725. Glutin, whicli is obtained by boiling in water, for 
some hours, the cartilage of bone, tendons, skin, &a., is 
characterized by giving with acetic acid a very slight pre- 
cipitate, which readily redissolves in an cicess of Qie acid. 
A solution of alum gives with glutin no precipitate ; or if 
B. slight opBlesccnce is occasioned, it disappears on the 
addition of a further quantity of the precipitant. 

726. Ckondrin, on the other hand, which is formed by 
boiling in water any of the permanent cartilages, as those 
of thelamu, ribs, Ic, is immediately precipitated by acetic 
aciij, and an excess of the at,'id docs not Tcdissolve it. Alum, 
too, causes a precipitate, which, however, readily dissolves 
when the salt is added in excess. The solubih^ of gela- 
tine in a solution of alum serves to distingaish it from 
pyin (721). 

Shod. 

727. The colour wlueh it imparts to any liquid with 
which it is mixed is usually almost sufficient evidence of 
the presence of blood, unless the quantity is very small. 



I 
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The red corpuHeles may aJso, in most caees, be detfried 
tmder the microecope, more or less altered in form and em 
by the action of tlie fluid in which they float (456,583). 
when blood ie present, aihmnen also will be found disBoiTed 
m the hqnid, uiJeaa it hoe been previonsly w>8gu]at«d by 
heat or otherwise ; it may be detected by the application 
of heat, and nitric acid, in the manner dcBcrifaea in pan- 
tTaphB 235, 236, &c. 

Biliary Matter. 

728. Biliary matter, if present in any considerable quan- 
tity, ffcneraUy communicates a more or Icbb decided brown 
or jellowiah eolonr to the hqnid, and aJao a peenhnr bitter 
taste. It may be identifled by means of Heller's and 
Pettenkofer's tcBte, described in paragraphH 149 & 151. If 
these fail to detect it in the fl^d, a little of the latter 
may be evaporated seafly to dryness on a wat«r bath, and 
a strong aqueous solution of the residue, tested ae before. 

Urea. 

729. This substance may be detected in organic liquids, 
in the following manner : — The portion of the organic mix- 
ture intended for the examination, is evaporated to drynest 
at ft gentle heat on a water bath, and the diy residue treated 
with alcohol, which will diaHolve out any urea that may Iw 
present, together probably with some other of the loatterf 
with which it is associated. The alcohohe solution is thai 
evaporated to dryness, and the dry estraet dig'ested inth s 
very small quantity of moderately warm water ; which wiU 
readily dissolve out the urea. Tlie aqueous solution thus 
obtained is then mixed, after tittering', with pure nitrin 
acid, in the manner described in paragraph 16, and then 
cooled by means of a freezing imiture ; when, if urea is 
present, dehcate crystals of the nitrate {Fig. 2) will gradual^ 
appear. When the quantity of urea is very small, the 
micpoBcope may be employed to detect any traces of the 
crystalline nitrate, and some other precautions most be 
observed, which have been described m paragraphs 181—* 
184, 341, &c. 

Fat. 

730. When any considerable amount of fatty matter It 
present in an aqueous mixture, it may be readily det^uted 
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with the naked eye, and still more deUeately nnder the 
mierOHcope, by the appearance of oily or fatty globulea 
floating on the Hurface. When, however, the quantily is 
very BmaU, or, owint; to other circumatanees, no appcMTince 
of fat is to be aecn ; a little of the mixturo suapeete J 
to contain it, ia to be evaporated nearly to dryneas oa a 
water bath, and the reBiaue digested with a little warm 
ether, which will readily dissolve any traces of fatty matter 
that may be preaent. On evaporating the etherial aolution 
on B. water bath, the oil or fat will be left as a reaidue, and 
may be identified by its posaeaaing the well-known physical 
cbaractera of fatly matters (158). 

731. The eaponifiahle fiits moat commonly met with in 
animal flnids are, oloiae {Cj,H,jOij), stearine (ChjH.j.Ou), 
margarine (C,jHj.,0|,), and butyrine. The de^e of hard- 
neas or oiliaess, and the temperature to which the fatty 
matter rejuirea to be raised before it melta, serve to fumiah 
some indication ee to the relative amounta of the sohd 
Btearine and the ody oleine. Botjrine may generalljr be 
detected by the peculiar smell which it gradually aequirea, 
resembling that of rancid butter. 

Cholesterin and Serolm, 

732. If either of those substaneoa are present, they will 
have been dissolved by the ether (730), together with any 
Otter fatty matters liat may he contained in the liquid. 
They may be separated ik>m the other fats by digestion 
with a solution of potash, which will disaolve out tbe aapo- 
nifiable fats, and leave the cholesterin and aerolin unaffected 
(696). Those may be distinguished from ea<;h other by 
their different fusing points, that of choleaterin being 278 , 
while that of serolin is as low as 87°. 

Milt. 

733. The wcU-fcnown physical charactera of milk are 
generally aufficiently apparent to lead to its detection, unless 
uigely diluted with other matters. When any doubt eiiats 
as to its presence, a drop of the liquid may be examined 
under the microacope for the milk globules (632) ; and the 
clear licjuid. after bltration, may he tested with acetic acid 
fore8sein(623), the esiatenee of which, in any fluid, is strong 
evidence of the preaenee of milk. The residue left by 
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evaporating the liquid to drynesB, may be t«Bted tor &t 
also, by digestion with warm ether, and eraporating tbe 
etherial solution on a water bath (730). 

Stigar. 

734. The moat conTenient teat for the preBonee of sugar 
IB that known as Trommer's, which haa alreadv been fully 
deaeribed in paragraphs 122 to 125, The fermentation 
test (127) may also, in many cases, be employed with 
advantage ; and, indeed, it is always more satiaiactoiy to 
confirm the reaults of QVorainer's exporiment, by applying 
also tlie fermentation teat ; sinee the auboiide of copper 
may be sometimes produced by certain other organic 
Biibstanees, even when no sugar is present. If the eagM 
is present only in very minute quantity, it may be adviaabla 
to evaporate t!ie liquid to dryness on a water bath, and re- 
dissolve the Bolubl^ portion of the residue, including the 
sugar, in a small quantity of hot water, in the nuumei 
described in the process for detecting sugar in the blood 
(606). The strong aqueous solution may then be eiaminecl 
by Trommer'a, and the other tcslM. 

735. Wlien cane sugar in suspected to be present, the 
solution should first bo ooiled for a few minutes with dilate 
sulphuric acid before the appheation of Trommer's test, in 
order to conTert it into grape sugar; since the cane variety 
does not otherwise produce the same characteristic reflulti 

A-mmonia. 

736. This Bubatanee, which is so eonBtantly to be met 
with in animal fluids, as one of the resulfs of the decom- 
position of nitrogenous compounds, may be readily detected, 
even when present in very small quantities. A portion rf 
the liqnid ia mixed in a test tube with a little caustic potash, 
or still better, with caustic barrta (note to 38), and wanned. 
The aramonia, if present, is ttus disengaged, and may be 
detected by the smell, or still more dehcafely, by holiung, 
at the mouth of the tube, a glass rod moistened with dilute 
hydrochloric acid, when white ftimes of muriat* of ammonia 
will be diatinctly visible. 

737. If the ammonia is present only in minute qnantity, 
a Utile of the suspected liquid may be mixed witli a few 
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drops of dilute sulphuric acid, in order to fix the ammonia, 
ana then concentrated by evaporation at a gentle heat on 
a water bath ; the concentrated liquid may Sien be super- 
saturated with potash or baryta, and examined in the 
manner aboye described. 

Uric {or lithic) cudd, 

738. When an organic mixture is suspected to contain 
uric acid, it may, if free from albuminous matter, be acidified 
with a few drops of hydrochloric acid, and allowed to stand 
a short time. The uric acid wiU gradually separate in the 
form of minute crystals (20), miich may be examined 
under the microscope, and also tested with nitric acid and 
ammonia, in the manner described in paragraph 23. If 
any albuminous matter is mixed with the liquid, the latter 
is to be evaporated to dryness on a water bath, and the 
residue digested with a dilute solution of caustic potash. 
The alkaline solution is then supersaturated with a decided 
excess of hydrochloric acid, which will throw down the uric 
acid in the lorm of a crystalline precipitate. If the quantity 
is small, a drop of the liquid may Be mixed with the acid 
on a sl^p of glass, and examined for the characteristic 
crystals under the microscope (318). 

739. The principal characters of uric acid, and the 
methods of detecting and estimating it in the urine, have 
been already noticed in the several (3iapters of Part I. 



THE DETECTION OF POISONS IN 

OEGANIC MLX-TUitES, &e. 



CHAPTER I. 



740. Although all, or nearly all, the compoonds of arsenic 
appear to be more or less intenBely poiBOnous, I ghall hen 
aUnde especi^j to the detection of arsenious acid (AsOJ ; J 
since in the vast majoTitj of cases in which arsenic is taliBn, 
whether criminttUy or accidentally, it is in the form of 
araenious acid, or ea it is often called, oxide of arsenic, H 
white arsenic. The experiments which I ajn about to 
describe will serve, howcTer, for the moat part, eqnallf 
well for identifying the presence of arsenic in other fonnt 
of combination than that of arsenious acid ; bo that, if tint 
pTOcesses are carefully conducted, the risk of any traces ojf 
the metal escaping detection is very small, 

741. When the presence of tne sulphide of onenin 
(AsS.) is suspected, the Bubstanee supposed to contain it 
may be first examined for any particles of yellow powderj 
which, if present, should be mixed, when dry, with a Vi^ 
black Sta, and heated in a small German glass tube, clos0l 
at one end; when, if it consists of sulphide of araenie, a cnut 
of the metal will appear in the upper part of the tube {743|> 
If no yellow powder can be detected, the mass in which it 
is susjiected to be present is to be boiled with nitrohydro- 
ohlono acid, when the sulphide will become converted into 
arsenic add (AsO^). which will remain in solution, and uuj 
be detected by Beinsch's, or Marsh's test (749, 745). 






742. Place a little of the 
white powdtT in a amall tube 
of GlermaQ glasa, closed at one 
^nd, and heat it gradually with 
ihe blowpipe, or in the flame 
]f a spirit lamp. If it h 
a^eniouH acid, it will aublime, 
and condense in tie uppor part 
of the tube, forming a colonrleas 
rrstaUine sublimate, which, 
■hen examined with a good 
lens or mioroscope, will be 
found tfl conaiat of bcautifiil 
Fii. TC. ArBflTiioua acid, aparkhng Ootohedral cryatalH 
(Fig. 72). 

743. Mis a little of the auspected powder with black flus, 
which for thiapurpOBO should be perfectly dry, 
end heat the mixture in a small tube of G-erman 
^lass before the blowpipe. If araenie is present, 
it will be reduced to the metallic state, and 
sublime into the upper part of the tube, form- 
inc a shining metallio crust (a, P^. 73). The 
tube may then be broken, and fragments of 
the crust plaied m another tube, and again 
heated. The reduced metal will in this way 
be recouTerted mto areenious neid, crystala of i 
which will condense in the cool part of the 
tube (742) ^'6 ■»■ 

744. Make a solution of some of the powder in hot water, 
in which arsemoiis acid is sparingly soluble, and apply to 
separate portiona of the solution the following tests. (See 
alao 745 & 740.) 

(ffl) Acidify a portion of the solution with a drop or two 
of hydrochloric acid, and paaa a current of hydroaulpburic 
acid gas (sulphuretted hydrogen) through the hquid^ nntil 
it smells distinctly of the gas. If arsenic is present, a 



bright yellow precipitate of siUpbide (AsS,) will be thrown 
down, 

(b) Add to a, second portion of the neutral Bolution a 
few droDB of nitrate {AgO,IfOX or, stiU better, ammonio- 
nitrate {AgO,2NS3,NO^) of silver. If araenic is present, 
a amary -coloured precipitate of arsenite of silTer (2AgO, 
AaOj) will be thrown down, which is soluble in nitric acid 
and idgo in ammonia. 

(o) Test a Uttle of the uentral solution with sulphate 
{C»0,SO^ or ammonio-Bulphflte (CaO.iNS^MO.SO^cS 
copper. This will cause, with arsenic, a pale green precipi- 
tate of arsenite of copper {20uO,Ab03). 

Marsh's Test. 

745. Arrange a wide-mouthed bottle, of six or eight 

ounces' capacity, with tubes as shown in the anuexed figure; 

the to.be d being of hard Grerman glass. Place in it a fe» 

fragments of zino, and odd a little dilute Bulphuric addt 

" one part of the strong a^id to six or eight o( 

a the hydrogen has been coming oflf about 

'y alight to the gas --'-•-' " ■' - 






flolfo. 



rather in it, a clean 
porcelain cmcible lid( 
m order to prove 
whether any traces of 
arsenic are contained 
in the zinc or acid em- 
ployed, in which ca«e a 
more or less distinct 
arsenical stain would 
be produced. If the 
mateTiala are thui 
found to be pure, a lit- 
tle of the solution of tie 
supposed arsenic ia to 
be mtroduced through 
the tube h. 

746. Again apply a light to the jet of gas at e, and hold 
in the flame a clean porcelain crucible hd. If arsenic ii 



In order Ihu ttae vlwie at tkt 




* Tbii InUml mnit be tHawti to 
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present, dark spots of tie metal will be deposited on the 
Borface of the porcelain, whereyer it has been allowed to 
enter the flame. A few of these stains may be prepared 
and tested in the foUowing manner, ia order to prove 
whether they really con siat of araenic, and not of antimony; 
which latter, if present, would produce stains very aimilar 
in appearance to those of arsemc. 

(a) Appl^ the heat of a spirit lamp to one of the spots. 
If arsemc, it will readily TolatiUze, and a shght smell, 
resembling garhe, will probably be perceptible. 

(S) Moisten one of the spots with a drop of vellow 
hydroffulghate of ammonia, containing an excess of siHphnr. 
If it conaiBts of arsenic it will remain undisaolTed for some 
considerable time; while, if it were antimony, it would 
immediately dissolve. 

(o) Add a drop or two of a solution of chloride of lime 
[CaOCl) to one of the stains. If it consists of arsenic it 
will immediately dissolve. 

747. Hold over the flame a short wide teat tube (Pig. 75), 
BO aa to collect the fanes of arBenioua acid. The arsenical 
sublimate, which ia UBually crystalline, may be dissolved 
in hot water, and the solution 1«Bted with bydroaulphurio 
acid, nitrate of silver, 
and sttlpliate of cop- 
per, as described m 
paragraph 74'1, a, 
b, & c. (See also 
749.) The sublimate 
formed in the tube 
bv antimony, under 

stances, would, on t 

the contrarv, prove ] 

quite insoluble in 

748. Apply the heat of a spirit lamp to the tube at the 
point d (Fig. 74), and observe the formation of a dark ring 
of metallic arsenic inside the tube, a little in advance of the 
heated point. The weenie thus deposited may be volatilized 
backwards and forwards in the tube, by applying the heat 
of a spirit lamp (765, a). If the tube be then disconnected 
from the bottle, and the arsenic volatilized in it while filled 
with atmospheric air, the metal will graduaDy become 



, crj-stalg of I 



oiidiBed and conyerted into arsenicms acid, 
whicli will appear in the cool part of tte tube. 

JReinsc&'s Test, 

749. Acidily a little of the aqneouB solution of the snb- 
Htant-e Buspeeted to contain arsenie, with a few drops of 
pure hydrochloric acid,* and boil in it two or three Btrip« 
of clean copper foiL If arsenic ia present, it will be depo- 
sited in the metallic state on the surface of the copper, ^d 
may be proved to be waenic in the following manner. 

(a) Dry the copper strips by gentle presBure between 
folds of nltering paper, or by wanning tbeim on a wal*r 
bath ; when dry, place them in a small clean and dry tnto 
of German glass, closed at one end, and apply the beat of 
the blowpipe. The arsenic will TolatUize ; and becomioe 
oxidized while in contact with the air. areeniouB acid btII 



condense in the upper part of the tube, forming a erystalliia 
Bubliniatc, which may oe examined with a lena (743). 

(i) ^DisBolye the sublimate obtained in a, in a little Lot 
water, and apply to the solution the teats dcecribed in 
paragraph 744. 



Seteelioit qf Arsenic in liquidn coniainiuff 
organic matter. 

I. When the liquid suspected to contain ars . 

tolerably clear, and unmixed with solid matter, it should 
be acidified with a Uttle pure hydrochloric acid, (the pnrilj 



of which has been previouslj ascertained (Note to 749),) 
and then boiled with two or three email strips of copper 
■e gauze. If arsenic is present it will probabfy be 



deposited, in the course of a few minutes, upon the sumce 
of the copper, and must be treated in the manner presently 
to be described (751). It must not. however, be conaidCTM 
certain that no arsenic is contained in the hquid, until aft«t 
boiling the mixture for half an hour, or even longer; whea, 

• The «cld employed fbr Itaii pnppoM. man be flnl proved to be free ft<« 
an irsoet of iruenlc nhich Is IVequeoIlj present lu uniBlE qagatlllu In Ihl 
hydroehlorlc kcid of commerce. Tbia la reftdDj' ucerlained b; boUiiv * 
Uttle oT the dlliued add wllh ilrlpB at copper, which miy thea be oumliiii 
fitr inenlo in (be muuier deecrlbKl Id pmgnpb ^^^, a. 
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if no stain is produced which, on examination, gives indi- 
cations of arsenic, it may safely be concluded that no trace 
of the metal is present. 

751. It occasionally happens that a little fatty animal 
matter is deposited on the surface of the copper during the 
boiling. When this is the case, the copper should be boiled 
with a Httle ether or alcohol, in order to dissolve it, before 
being exposed to heat in the tube. 

752. The copper strips must now be heated in a small 
dean and dry tube, closed at one end; when, if any 
arsenic has been deposited upon them, a crystalline subh- 
mate of arsenious acid will appear in the upper part of the 
tube. If, on examination with a lens, the sublimate is 
found to exhibit the characteristic crystalline form and 
appearance of arsenious acid (742), there can scarcely be a 
doubt of the existence of arsenic. It is, however, always 
advisable, in cases of medico-legal investigation, to .obtain 
the combined testimony of other experiments, in order to 
obviate the possibility of error. 

753. For this purpose, the white sublimate is to be 
removed from the sunace of the glass with a clean knife, 
&nd divided into three portions. A, B, & C. 

(a) Mix the portion A, which should be previously dried 
on a water bath, with a littie dry black flux, and heat the 
mixture in a clean narrow tube, closed at one end. A crust 
of metallic arsenic ought to be produced in the cool part of 
the tube (743). 

(b) Dissolve the portion B in a little water acidified 
with hydrochloric acid, and apply Marsh's test, in the 
manner described in paragraphs 745 — 748. 

(c) Dissolve the portion U in hot water, and divide the 
solution into three parts, which may be tested respectively 
with hydrosulphunc acid, ammomo-nitrate of silver, and 
ammonio-Bulphate of copper, as directed in paragraph 744, 
Of b, & c» 

SECTION III. 

Detection of Arsenic in organic mixtures containing both 
liquid and solid matters ; such as the contents of a 
stomachy vomited matters, Sfc, 

754. When the liquid and solid portions of the mixture 
are found capable of ready separation, either by subsidence 



or filtration, it is generally better to examine eacli of them 
eeparately. Wten this is not the case, see paraeTaph 758, 

755. Examination of the liiptid portion. — The clear Uqnid, 
after the remoral of the solid matter, either by filtration 
or otherwise, is to be acidified with a little pure hydro- 
cldoric acid, and boiled witli a few strips of clean copper; 
which, after being dried between folda of filtering paper, 
are to he heated m a dry tube, and the sublimate, if any, 
examined in the manner described in pera};raph 74<9. 

756. Exaniinafioa itf the lolid portion. — Thjs should flret 
he examined for any small lumpa of areenious acid, which, 
in cases of poisoning, are often to be found adhering (o the 
coats of the stomaeh. These should be carefully picked 
out, and tested according to the directions given in pan- 
jtraphfl 743—744. 

757. The solid or semi-aoUd organic matter ie then to 
be boiled with dilute hydrochloric acid, containing about 
one-tenth of the strong aeid, which will dissolve any ane. 
iiiouB acid that may be present. The acid solution is then 
filtered from any Bohd matter that may have remained 
nndisBolved, and boUed with copper atnps, which are to 
be dried, and esarained for arsenic in the manner befocs 
described (749). 

758. When the organic matter is viscid, and incapable 
of ready separation into solid and liquid portiona (754), it 
may be mixed with a httle dilute hydrochloric aci^ well 
stirred together, and boiled ; after which it is to be boiW 
with strips of copper, which may be subsequently eiamined 
for arscmc in tlie manner already described (749). 



Dateciion of Arsenic in oily orfaiiy inattert. 
759. When arsenic is suspected to be present in fatty or 
oily matters, in many of which it is to a consideroble extent 
soluble, tlie fat may be boiled for a quarter of an hour with 
dilute liydrochlone aeid, containing about one-tenth of 
strong acid. The arsenic is thus disaolred by the aeid. and 
the solution may be separated from the fat or oil, by filter- 
ing through a paper filter previously saturated with, water. 
The acid solution is then boiled with strips of clean copper, 
which are afterwards to be dried, and examined accortung' 
to t)ie directions given in paragraph 749. 



^^m Q^j 



Detection of Arsenic in the Tissues. 



^ 



. In madico-legal inveBtigations as to the preseniH! of 
"■ a absolutely nocesaary, in case none of the 

. j.i,.^.j ._ .1 — . 1 ^j j{g contents, to 

._. _, ; since the poison, 

when introduced into the atoTOach during life, becomes 
gradnally absorbed, and diffused through the whole syBtem, 
and niay be found in the blood, urine, muscles, and viscera, 
especifjlj the liver. It is therefore advisable to efamme 
each of these for the poison ; and it should never be con- 
cluded, that because it cannot be detected in the stomach 
and its contents, uone is to be found in other parte of the 
body. Should the patient, however, survive during several 
days afler swallowmg the poison, it is possible that the 
■whole of it may be eliminated from the body ; in mhioli 
case no trace of it will afterwarda be detected. 

761. The portion of the body intended for oianiination* 
is to be mt up into thiu shces, and boded for an hour or 
two in dilute hydrochloric add, consisting of one part of 
the strong aeid to eight or ten of water. The mixture is 
then filtered through fine muslin, in order to separate the 
more solid matters j and the clear liquid thus obtained is 
concentrated to about half its bulk, by evaporation at a 
gentle heat. The acid solution is then boiled with strips 
of clean copper fod, which are to be subsequently eiamined 
for arsenic in the manner described in paragraph 749. 



QuajitttaHve determination of Arsenic. 

762. Tte quantity of arsenic contained in any mixture, 
whether organic or otherwise, may be determined in the 
following manner ; — After having obtained the arsenic in a 



a, UdmjB, vid url: 
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Btate of solution hj boiling with dilute hvtiroolilorio ncid 
(758), and filtering if neceasary, a. current of hjdrosulpliurie 
add BOB (sulphuretted hydrogen) h paeaed through the aai 
liquid for an hour or two, and the solution, after being 
saturated with the gas, ia then set aside for a short time in 
a moderately warm place. The whole of the arsenic is thni 
tiirown down in the form of sulphide (AsS;,). mised, pi»- 
hably, with a little free sulphur, and perhaps tracuB of other 
impurities. In order to separate it fiim them, it is digested 
in a solution of ammonia, to dissolve out the sulphide o( 
arsenio, which may, after filtering, he again precipitated in 
a Htat« of purity, hy Bupersaturatmg the ommoniacal solu- 
tion with hydrocliloric acid. The sulphide ia then collected 
and washed on a filter, dried at a very gentle heat on > 
water bath, and weighed. From the weight of the diy 
precipitate the amount of metallic arsenic, or of arsenio™ 
" ' r be estimated ; 100 parts of the sulphide being 
■' "' " ' -"- ■ "■ r80.5parl«3 

CHAPTEE II. 

ANTIMONY. 

763. The only form in which antimony ia likely to be 
met with in medico-leeal investigations, ia the double tar- 
trate of antimony and potash (KO,SbOj,C^,0,fl+2Aq), 
commonly called tartar-emetie, or tartarized antimony; 
which ia often taken medicinally, and oceasionallT u ■ 

Kison. It may be recognised by its solution giring with 
_ drosulphiiric acid or hydrosulphate of ammonia, an orange 
red precipitate of sulphide (SbSj) ; and by giving stains of 
metaUie antimony when examined with Marsh's t«t 



Deleetiim of A.iitimonij in Organic IMixlures. 

7fi4, Whenamixturecontaining organic matter, whether 
in the fluid or solid state, (such as the contents of aatomacli. 



I 
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vomited matters, &c.), is suspected to contain antimony, it 
should be boiled with a mixture of dilute hydrochloric and 
tartaric acids, which will serve to dissolve any of the com- 
poimds of antimony that may be present in the soHd form. 
The solution is then filtered, if necessary, from any inso- 
luble matter ; and a stream of hydrosulphuric acid (sulphur- 
etted hydrogen) is passed through the clear solution, until 
the latter is saturated with the gas. The antimony, if any 
is present, is thus precipitated as the orange sulphide, 
which may be separated oy filtration, and dissolvea in as 
small a quantity as possible of hot hydrochloric acid. 

SbS34- 3 jffC/= 8b Ck^- 3H S . 

765. The solution of chloride of antimony thus obtained 
may then be divided into three portions for testing. 

(a) Try the first with Marsh's test, by addii^ it in a 
roper bottle (745) to a mixture of zinc and sulphuric or 
yiochloric acid, and examining the stains with hydro- 
sulphate of ammonia and chloride of lime. By the first of 
these it should be immediately dissolved ; and unaffected, 
or nearly so, by the second (746, b k c). On applying the 
heat of a spirit lamp to the tube at the point d (Fig. 74), 
a deposit of metallic antimony will be produced at the 
heated point. Unlike the deposit formed by arsenic under 
similar circumstances, it will not be found to volatilize with 
the heat of a spirit lamp (748). 

{b) The second portion of the acid solution may be mixed 
with five or six times its bulk of water ; which should cause 
a milkiness in the solution, owing to the formation of the 
basic oxichloride of antimony (8bCl3,5SbO^). The pre- 
cipitate thus occasioned is soluble in a solution of tartaric 
acid. 

(c) The third portion may be mixed with about its own 
bulk of water, and saturatea with hydrosulphuric acid gas, 
which should cause an orange precipitate of the sulpmde 
(763). If, however, the colour of the precipitate previously 
thrown down by this reagent (764), was decidedly orange, 
and not masked by the presence of other matters, this 
experiment need not be performed. 



Detection of Antimony in Ike T^stuet. 

766. The portion of tbe bodr intended for examinatioD 
(the Utot being, if possible, selected (note to 761)) is to b« 
cut into thin slices, and digested for an hour or so ins 
mixture of dilute hydrochloric acid (containing one part of 
strong add to about eight parts of waterj,' and tarlarie 
acid, which should be liept gently boiling. The antimony 
is in this way effectually brought into solution, partly it 
chloride, and partly in combination with tartaric add. Tbe 
mixture may Uien be filtered, and the clear solution decom- 
posed bv a stream of Iiydrosulphtmc acid gas, which nil 
throw down the antimony in the form of the orange sul- 
phide (764|. This is to be separated by filtration, and 
converted into the chloride by dissolving it in a Eonall 
quantity of hot hydrochloric aeid ; after which the add 
solution may be tested in the manner described in paw- 
graph 765. 



Quantitative Determination, o/ Antimony. 

767. If it iareiyiired to estimate the quantity of an timonya 
in any organic mixture, the latter is treated in the inanr— ■ 
described in parafiraph 766. first with hydrochloric a 
tartaric acids, and then, after filtration, saturated willl J 
hydrosulphuiic acid gaa ; by which the antimony is pred>'l 
pitated as tbe orange-coloured sulphide. This la then *^1 

Sirated by filtration, dried at a gentle heat, and weighed*! 
'ne hundred graina of the sulphide thus obtained IT 
equivalent to 72.8 grains of metalhc antimony, or t- -"■— ' 
two hundred grains of the double tartrate. 



\ CHAPTEB in. H 



768. The moat common preparation of mercury, by which 
life has been Bacriflcod or endangered, ie the bichloride 
(HgCL,), commonly called corrosive Bublimate ; the chloride, 
or calomel (HgCI), the red oside (H^j), and some of 
the otlier compoundB, are also sometunes administered, 
either oriminally or accidentally, ■with fatal effect, bhA 
may consequently hare to be looked for by tie medical 
junst. In the process I am about to describe, however, 
any of these oompmuidB will be brought into a state of 
Bolutioii ; after which the mercury contained in tbem may 
readily be detected by the proper tfiats. 



Detection of Merewry in Organic Mixtures. 

769. When the presence of mercury is suspected in an 
organic mixture, such as the contents of a stomach, the 
BoEd and hquid portions of the matter to be examined niay 
be separated from each other, either by filtration or decan- 
tatiou, provided the separation takes pla^e readily ; or if 
this is not the case, the whole of the mixture may be 
treated with acid, and examined in the manner described 
in paragraphs 774—776. 

770. Exaiminatian cif the liquid portion. — The liquid 
portion may be first examined. Acidiff it with a few drops 
of hydrochloric acid, and boil the mixture for a quarter or 
half an hour, with two or three strips of clean copper foil. 
If any mercury ia present in the liquid, it will in this way 
be entirely separated from the solution, and deposited on 
tbe Burface or tbe copper. The latter is tlien removed from 
the acid hquid, and washed with a httie dilut* solution of 
ammonia, in order to remove from the Burface any adhering 
oxide or subsalt of copper. The strips are then dried by 
gentle pressure between folds of bibuloua paper, or still 
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better, at a very moderate heat on a. water batt, and placed 
in a amall nnd perfectly drj German glass tube, three or 
four inches long, closed at one end. 

771- The heat of the blowpipe is then applied to tin 
bottom of the tube eontaining the copper Htrijm j when, 
if any mercuij haa been deposited upon them, it will bi ■ 
volatilized by the heat, and condense in the cooler part of 
the tube, forming a delicate and dew-like ring of miniite 
globules of metaJlie mercury ; the real nature of which may 
be at once seen with the asaistance of a common lens, if not 
with the naked eye. 

772. If in the experiment above described (771), the ap- 
pearance of metaUic globules ia diatinetly visible, it wDl 
Bcarcely be necessary to apply any fiirther teats to prove 
the presence of mercury, sinee no oUier substance ib oapablB 
of producing suph a sublimate. If, however, any doubt 
esiats aa to the nature of the snblimate, the following ex- 
periments may be made : — 

773. Eemove the copper from the tube, and dissolve the 
subli:nate iu nitrohydrochloric acid ; by which the mereuij, 
ifpresent, will be converted into the aoluble bichlorioe 
{HgClX Expel the excess of acid by evaporation at I 
gentle beat; and apply to an aqueous solution of the 
residue, the following teata : — 

(o) Solution of io^de of potassium (iT) gives a brilliant 
red precipitate of periodide of mercury (HgL), which ia 
soluble in an excesa either of the mercurial solution or of 
the iodide of potassium. 

(6) Solution of potash gives a yellow precipitate of hy- 
drat«d peroxide of mercory (HgO^SHO), which is insoliile 
in an excess of the precipitaint. 

[c) A stream of liydrosulphuric acid gas (sulphuretted 
hydrogen), or a drop or two of hydrosulpnate of ammonia, 
form at nrst a white precipitate, conaisting^ of a double 
compound of chloride and sulphide (^HgS^.HgCL), which, 
unless the precipitant be added very * ' 



mediately 



owing b 



adnusture of the 



hiack sulphide (HgSJ. If the precipitant be added 
the whole of the precipitate becomes black. 



(rf) The dry n 



r gait, when mixed with carbonata I 



of soda, and heated in a narrow tube before the blowp^ I 

yields a sublimate of minute globules of metalhc merciuy. 

774. Examination of the solid porUoa. — The solid porboi 
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of the mixture may contain mercury in combination with 
certain animal matters, besides particles of calomel, oxide, 
or some other mercurial compound. It may first be exa- 
mined for any visible fragments of these, wmch if detected, 
may be picked out, and tested for mercury, by mixing them, 
when d^, with carbonate of soda, and heating the mixture 
in a small tube before the blowpipe ; when the mercury 
will be sublimed into the cooler part of the tube (773 d). 

775. The rest of the solid matter may now be warmed 
with a little nitrohydrochloric acid, wnich will convert 
the oxide, or chloride, if present, into the bichloride, and 
thus ensure the solution of any mercurial compound that 
may be contained in it. The excess of acid may then be 
expelled by evaporating the liquid to dryness on a water 
bath ; after which the residue is to be redissolved in a small 
quantityof water. 

776. The solution thus obtained may now be acidified 
with a few drops of hydrochloric acid, and boHed for a 
quarter or half-an-hour with two or three strips of clean 
copper foil; on the surface of which the mercury, if present, 
wiirbe deposited. The copper is then removed from the 
liquid, washed with water, and a little dilute solution of 
ammonia (770), and when dry, heated in a small tube of 
Grerman glass, closed at one end. In this manner the 
mercury will be volatilized, and may be seen condensed in 
the upper part of the tube, forming a dew of minute metallic 
globules. These may, if necessary, be redissolved in a 
uttle nitrohydrochloric acid, and the solution tested in the 
manner deBcribed in paragraph 773. 



SECTION II. 

Detection ofMercury in the Tissues, 

777. When the presence of mercury is suspected in the 
viscera or other tissues of the body, tne part mtended for 
examination should first be cut into thin slices, and boiled 
for a short time with a little nitrohydrochloric acid ; by 
which means any mercury that may be present will be 
converted into the bichloride, and thus brought into a state 
of solution. The undissolved matter is then separated by 
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£QtTHtioD or decantation, and the liquid portion evaporated 
to drjnesa on a water bath, in order to expel the exoesg of 
acid. The residue is redissolved in water, acidified with a 
few drops of hydrochloric acid, and hoiled with copper! 
which miut he Huhaequently washed with water and am- 
mouia, and then eiamined for mercury, in the manner 
deaeribed in pBragrapha 770 — 773. 



Quantitative Determination of Mermijy. 

778. The quantity of mercury present in any organio 
mixture may be determined by weighing the metal itsel£ 
obtained either by aublimation, or by ooiling the liquid 
containing it, after beme acidified wit h hy droehlori c acid, 
with a Bolution of protocnloride of tin. When protoehloride 
of tin ia used as tie reducing agent (Prac. Cliem. 339), the 
sediment of finely divided mercury should he waslied wili 
a little hydrocliloric acid, separated from the liquid by fil- 
tration, and dried on the filter (the weight of whicli sluiaid 
have been preyioualy aacertained), at a temperature not 
exceeding 150°; in order to prevent the losa of any mercuij 
by evaporation. It may then be weighed in the filfajfi, 
wliich may bo kept in a covered porcelani orocible. 



CHAPTEE IV. 



779- Although inatancea of criminal poisoning with com- 
pounds of leaa are of comparatively rare occurrence, '"" 
the accidental admission of it into the system, either ii 
form of the solid carbonate (white lead) so extensive^ 
employed in the aria, or through the medium of i ' ~ 
impregnated with it, very frequently loads to serioufl 
even ratal results ; so that its detection ia often a matUT 
of grave importance. 



780. In testing for minizte qnantitiea of lead, it must be 
borne in mind that seTeral of the test solutiona epiployed 
in analysis, when kept even for a few weeks in bottles of 
flint glass, dissolTe out very perceptible traces of the metal 
from the glasa, in which it is present in considerable quan- 
tity ; so that, unlcBB the eiperimentcr is on his guard, he 
may be led to suppose tliat he has detected the metal in 
the hquid which ne is examining, while, in fact, he bae 
himseU introduced it in one of his reSigents. Solutions of 
potash and soda, and their carbonates, are especially lia,ble 
to become in this way impregnated with lead ; and seTersl 
other saline solutions aJao, under peculiar circumstances, do 
the Bame, though more slowly, and in a less degree. On 
this account it is always advisable to teat each of the 
reagents employed {previously neutralized, if strongly acid 
or alkaline) with bydroBulphurio acid or hydrosulphate 
of ammonia (781), which wiU, if any traces of lead are pre- 
sent, give the liquid a more or less decided brown tint i or 
even cause a black precipitate, if the quantity of metal is at 
all considerable. 



781. The water intended for examination (which should 
alwa;!^ be tested as soon as ;posaible after being taken from 
the eist«m or pipe in which it baa been standing) is placed 
in a beaker or bottle of German or green glass, free from 
lead, the surface of which should be washed perfectly clean 
with distilled water. A stream of hydrosulphunc acid 
(sulphuretted hydrogen) gas is then transmitted through 
the wafer, until the lat^r smells distinctly of the gas. 
When lead is present, the liquid will generally assume a 
brown tint almost immediately, unless the quantity of lead 
is extremely smaU ; but before deciding that the water is 
pure, it should be set aside for a few hours, after being 
saturated with the gas, during which time the sulphur will 
be partially precipitated, owing to the decomposition of the 
hyorosulphuric acid by the oxygen of the air (Prac. Chem. 



mixed, if any trace of lead is present, with a httle 
Buiuutde (Fb8), which will give the sediment a more or Less 
decided brown or fawn oi^our. If, on the contrary, the 
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water crontinnes (olonrless, and the precipitated sulphur 
white, y of a very pale euJpliar colour, it may be eonchded 
thai no perceptible traee of lead is cootajned in the water. 
782. If, however, any iinuertiuiity exuta, half a pint of the 
water may be evaporated to diyncsH, and the residue moie- 
tened with a solution of hydrosulphuric acid, or a drop of 
dilute hydroRolphate of ammonia; when, if no hlack or 
even brown eolour is produced, the absence of lead may be 
considered certain. If the residue ia found to become browu 
or black on the appbcatioD of the hydrostdphoric acid or 
hydrosulphate, it le probably owing to the presence of lead; 
but as a similar effect may, under certain circumatanfes. 
be produced by iron and other impurities, the residue m»T 
be moistened witli a little dilute nitric acid, gently warnwi 
and dissolved in as small a quantity aa posaible of watra. 
The solution thus obtained may then be tested for lead in 
the manner ileacribed in paragraphs T8S — 787. 



Detection of Lead in Organic Mixtureg. 

783. If the organic matter to be exanined is a mistaif 
of solid and liquid, such as the contents of a stomBch, tlw 
two portions should, if practicable, be separated by filtration 
through paper or musfiii ; having been previously ^ated, 
if neceaaary, with a little water, wliiuh wd! cause the liqjid 
to pass more readily through the pores of the filter. The 
liquid portion may be first tested ; and in caae none of the 
metal can be detected in it, the solid or semi-solid matter 
may be afterwards examined (788). 

784. Examination of the liquid portion. — A current of 
hydrosulphuric acid gas is passed through the liquid f(R 
about a quarter of an hour, Dy which means any lead tlirt 
may be dissolved will be precipitated as the black sulpUdfl. 
This is to be aeparated by filtration, and the greatt^ put 
of it digested, with the aid of a gentle heat, in modentelj 
dilute mtric acid ; a small portion being retained for exoin^ 
nation with the blowpipe (787). 

7S5. When the snlphide is for the most part decomposed 
by the nitric acid (which may be known bv the undiasolTed 
residue, consisting chiefly of sulphur, becoming newiy 
white], the clear eolutiou is to be poured off the imolubM 
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matter, and tested in the following manner (786) ; the 
nndissolyed residue being also retained, in case it may be 
required for subsequent examination (787). The digestion 
in warm acid should not be continued longer than neces- 
sary, since the prolonged action of the nitric acid might 
have the effect of oxidizing the sulphur as weU as the lead, 
forming sulphuric acid, which would combine with the 
oxide of lead, and precipitate it &om the solution in the 
form of the insoluble sulphate (PbOjSO^). 

786. The clear solution (785) is now to be evaporated to 
dryness on a water bath, in order to expel the excess of 
nitric acid ; after which the residue is to be redissolved in 
warm watCT, and tested in the following manner ; or, if the 
quantity is small, the tests b,c,&d only need be applied. 

(a) Hydrosulphuric acid and hydrosulphate of ammonia 
cause a black precipitate of sulphide of lead (PbS). 

(b) Dilute sulphuric acid, or a solution of sulphate of soda, 
gives a white precipitate of sulphate of lead (PbOjSO,), 
which is insoluble, or nearly so, in acids, but gradually 
dissolves in a solution of caustic potash. 

(c) The sidphate formed in b, after being washed with 
distilled water, is instantly blackened when moistened with 
hydrosulphate of anmioma or a solution of hydrosulphuric 
acid, owing to the formation of the black sulphide. The 
sulphate of lead may in this wav be readily distinguished 
from the sulphates of baryta ana strontia, which it resem- 
bles in many respects. 

(d) A solution of iodide of potassium (-ffJ) throws down 
a bright yellow precipitate of iodide of lead (Pbl), which is 
solume in hot water, and, on cooling, separates from the 
solution in the form of brilliant crystalline scales of great 
beauty. 

(e) Hydrochloric acid, or a solution of chloride of sodium, 
causes, if the solution is not very dilute, a white crystalline 
precipitate of chloride of lead (PbCl), which dissolves when 
the mixture is heated, and crystallizes in the form of delicate 
needles as the solution cools. 

(f) Chromate of potash (KO,CrO.^ gives a rich yellow 
precipitate of chromate of lead (PbOjCrOg), which is soluble 
m potash, and insoluble in dilute acids. 

{g) If any of the precipitates formed in the above 
experiments be dried, and heated on charcoal, with or 
without a little dried carbonate of soda, in the inner flame 



of the blowpipe (Prac. Chem. 83), minute metallic beadi 
wiD be obtained ; which may be recognised aa lead by their 
BoftnesB and malleability. 

787. If no decided mdication of lead ean be obtained 
irom the nitric acid solution, the other portion of sniphida 
(784), and also the residue which proved insoluble in the 
acid (785), may be dried, mixed with carbonate of sod*, 
and lieated in the inner flarao of the blowpipe ; when, tf 
any lead is present, it will be Hpeedily reduced to the 
metallic state, forming minute malleable lieads. 

788. Exammation of the nalid portion. — If the examina- 
tion of the hquid portion Bhould iad in proving Uie presenoa 
of lead, the poison may still be sought for in the solid or 
semisolid matters left on the filter (783), since it may eiiit 
in combination with animal matter, or in some other inso- 
luble form. The mixture is evaporated to dryness, and ^ 
dry mass, aiWr being reduced to powder, is to be ndied 
with three or four times its weight of black flm, and care- 
" " ' rnited, for about a quarter of an hour, in a covend 

porcelain cnicible. The load, if present, is thni 
reduced to tlie metallic state ; and unless the qnanti^ if 
very small, will be found in a round globule at ttie bottom 
of the crucible. 

789. If a button of metal is thus produced, it may be 
proved to be lead by its well-known physical propertie*, 
Buch as Boftness and malleability ; or oy dissolYing it in 
dilute nitric acid, and after expelling the excess of add by 
evaporation, testing the solution in the manner describM 
above (786). 

790. If, however, no globules of lead are viaible, th« 
whole of the incinerated matter may be boiled with dilnM 
nitric acid ; by wliioh any lead will be dissolved, and mw 
be detected in the solutuin by the testa before deecribea 
(786), after filtering from the insoluble carbonaceoua rerida^ 
and expelling the excess of acid by evaporation ae before. 



Detection of Lead in the Tissucti. 
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stomach, &c., it is necessary, before deciding upon the 
absence of the poison, to examine the tissues of tne stomach, 
intestines, and!^ especially the liver ; since it may be often 
found absorbed in these tissues, even when no trace is to be 
met with elsewhere. 

792. The portion of the body intended for examination 
is to be cut mto thin slices, and dried ; after which the dry 
residue is to be reduced to powder, mixed with three or 
four times its weight of black flux, and ignited for about a 
quarter of an hour in a covered Berlin porcelain crucible. 
The incinerated mass is then to be examined for any globules 
of metal ; and if none of these can be found, it may be 
digested with dilute nitric acid in the manner described in 
paragraph 788, and tested for lead according to the directions 
aJrei^y given. 



SECTION IV. 

Quantitative Determination of Lead. 

793. When it is required to estimate the quantity of lead 
in an organic mixture, the metal must first be brought, if 
not already so, into a state of solution (788), and precipitated 
by means of a current of hydrosulphuric acid, which must 
be continued until the liquid is found to smell strongly of 
the gas. Ihe sidphide (PbS) thus formed, is to be filtered, 
and converted into the sulphate (PbO,S03) by boiling with 
strong nitric acid; a few drops of dilute sulphuric acid 
being afterwards added, in order to ensure the conversion 
of the whole of the lead into sulphate. The sulphate of 
lead is then dried in a counterpoised porcelain crucible, and 
ignited ; after which it may be weighed. From the weight 
of the sulphate thus obtained, that of the lead may be 
estimated, as follows : — 

Ate. weight of Atomic Weight of sul- Weight of lead in 

sulphate of wt. of phate the quantity of the 

lead. lead. obtained. mixture employed. 




162 . 104 :: a 




CHAPTER V. 



794. Like lead, copper is not often employed for the 
purpose of mminally deBtroyiiig life ; but is not anln- 
queutly taken accidentally, diseolved in articles of fooi 
with BeriouB, and sometimes fatal results. The chief eanie 
of such, accidents ia th.e employment of untinned copper 
TeBsels for culinary purposes ; and although such vraseli, 
when perfectly clean, may bo used in the preparation of 
certain articles of food, without risk of impregnation, stBI 
the number of alimcntarv substances capable of aoting 
upon and dissolving small quantities of tne metal, is M 
great, that it ia far safer to avoid the use of nntiuud 
copper vesacls in all culinary opcrationa. Acid and Esttr 
substances eBpecially, and liquids containing common satt 
and other saline matters in solution, should never be boiled 
in such vessela ; since the quantity of copper disaolved by 
them ia sometimes bo considerable, as to mipart a green or 
bluish colour to the mixture. 



Detection of Cupjier in Organie Mixtures. 

795. Copper may exist in such mixtures either in a. slals 
of solution, or in combination witli cortain organic or other 
substances ; forming compounds which are more or lew 
inaoluble in water. On this account, when the mixture to 
be examined consists of both liquid and solid matters, il 
should first be warmed with a httle 'hydrochloric or acetic 
acid, by which means the copper will be brought into 
solution. The solution may tlicn be filtered from the in- 
soluble portion, which latter should be retained, in COM it 
mav be required for subsequent eiamination (798). 

I. The clear liquid, shghtly acidified with a. few drop* ' 



of hydrochloric a 



J be tested for copper. By | 
1, free from rust, such oi 
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needle, or knife blade. If copper is present in the liquid, 
it wiQ in a short time be deposited in the metallic state on 
the surface of the iron, giving it all the appearance of 
copper; while the iron is at ttie same time dissolved in 
atomic proportion. The colour of the freshly deposited 
copper IS so peculiar and characteristic, that it can nardly 
be mistaken after being once seen ; so that this experiment 
is generally sufficient of itself te prove the presence of the 
metal. I^ however, any doubt exists as te its presence, 
the following tests may be applied, either to a portion of 
the liquid from which the copper has not been removed 
by means of the iron, or to a solution of the precipitated 
copper, scraped off the iron, in dilute nitric acid. 

797. (a) Hydrosulphuric acid and hydrosulphate of 
ammonia throw down a black precipitate of sulphide of 
copper (CuS). 

(o) Ammonia, when added in small quantity, throws 
down a pale blue precipitate, which, if the ammonia be 
added in excess, redissolves, forming a beautiful blue 
solution. 

(c) Potash throws down in the cold solution, a pale blue 
precipitate of hydrated oxide (CuO,HO) ; which, on boil- 
ing the mixture, becomes black, owing to the formation of 
the anhydrous oxide (CuO). 

(d) Ferrocyanide of potassium causes, even in very dilute 
acid or neutral solutions, a mahogany coloured precipitate 
of ferrocyanide of copper (Cuj, FeCyg), which is insoluble 
in dilute acids. 

798. In case no copper can be detected in the liquid 
portion, it is advisable, before deciding that the metal is 
altogether absent, to examine the residue which proved 
insoluble in ihe dilute acid (795). For this purpose, it is 
to be evaporated to dryness, and ignited m a covered 
Berlin porcelain crucible. The incinerated residue is then 
warmed with a little dilute nitric acid, which wiU dissolve 
any traces of copper that may be present. The acid solu- 
tion is evaporated nearly to dryness, in order to expel most 
of the excess of acid, and filtered ; after which the solution 
may be tested with a piece of clean iron (796), and also, if 
necessary, with the other reagents above enumerated (797). 



^ 



Detection of Copper in the tissues. 

799. Lite tlie olher metallic poiBOns, copper is readily 
absorbed by the ti»»ueB, where it maj freqnently be found 
in cases where no trace can be detected in the I'onfenta of 
the stomach and intestines. On this account, it is nccea- 
aary, before concluding that no copper can be fonnd, to 
eKamine the liver and other yiBccra, which may be done in 
the following manner. 

BOO, The part intended for examination is to be cut inlo 
thin slices, and warmed with dilute nitric acid (consistiM 
of one port of the Btronjr acid and fire or six paria of water), 
which will dissolve out any copper that may be presenL 
The acid solution, after filtering, is evaporated nearly to 
dryness ; after which it may be tested with a piece of desD 
iron {796), and, if necessary, with the other reagent* men- 
tioned in paragraph 797. 

sBCTiofl m. 

Quantiiative determination of Capper. 

801. The quantity of copper present in any solution, <X 
organic mixture, may be ascertained by saturatinB the 
hauid (after boiling with dilute acid, and filtering, if any 
solid or semi-Bolid matter is left undiasolved), with hydro- 
Bulphnric acid gas. which will throw down the whole of tlie 
copper M sulphide. The precipitate is to be dissolved in 
hot nitiic aj?ia. and the copper tlirown down as oxide, by 
Bnpersaturating the hot sobition of the nitrate with potash. 
The black oxide thus precipitated is to lie wtwbed with i 
large quantity of hot water, filtered, dried, ignited, naii 
weighed. From the weight of the oxide, that of the meteUic 
copper may be calculated as follows : — 




CHAPTER VI. 



Detection of Zinc in organic mixtures and in tie tistucs. 

802. Zincliasoccaaionally to belookedforinorgamtmii- 
tureB and in the tiBaueB,tlie Hulphateboing often adminifltored 
Ba an antidote in ca^es of poisoning. It may l)c detectt'd by 
boiling the suspected matters in a finely divided state, witli 
a little dilute nydrochloric acid, and mtering if neeeaaarr, 
from any inaoluble residue. The clear solution thus ob- 
tained may then be supersaturated with ammonia, which 
will, at first, ttirow down a white gelatinous precipitate of 
liydratod oside, which readily redissolvea when the ammonia 
is added in excess. The misture is then filtered ; after 
which the clear ammoniacal solution may be tested with a 
current of hydroaulphuric acid gaa (sulphuretted hydrogen), 
which, if zine is present, will throw down a white precipitat*^ 
of su^hido (ZnS). The sulphide thus formed may be 
separated irom the hquid by nitration, and diasolvcd in a 
liwe hydrochloric acid or aqua regia ; the excess of acid 
employed, being afterwards expelled by evaporating the 
solution to dryness. 

803. A portion of the dry residue may be moistened with 
a solution of nitrate of cobalt, and heated on platinum 
wire before the blowpipe ; when, if any zinc is present, 
tliB iiiBed mass will exhibit a more or less decided green 
colour. 

804. The remaining portion of tlie dry residue may then 
bo dissolved in water, and the solution filtered from any 
sulphur that may be present ; after which it may be tested 
for zine aa follows : — 

(a) HydrOHolphat* of ammonia gives a white precipitate 
of sulphide of zmc. 

(i) Ammonia gives a wliite gelatinous precipitate of hy- 
drated oxide, readily soluble in an eseess of the precipitant. 



CHAPTEE Vn. 



1 



De/ec(ifiii of w acovibhed Iodine in organic mixtures, Sfc. 

805. VV Jien iodine ie present in an organic mixtnre. il 
may be detected in the ioUowing manner ; which will ilIm 
serve to identify it after having been absorbed by tie 
tisHueB of the atomach, hver, or other organ, sueb, orgsn 
having been first carefully cut into thin idices, and mace- 
rated with a little water. The characteristic smell of 
iodine is generally perceptible in liquids containing it ; and 
it UBiially imparts to organic mixtures a yellow or greeniBll 

806. The mixture may first be examined for any particlM 
of iodine that may be present in the solid state ; which, if 
found, may be at once identified ae such, by the beaui^ 
yiolet-colouredvapourwhich they form when gently heaud 
in a small glass tube. 

SOT. If no solid iodine can be found, the liquid may be 
test«d with a solution of starch ; or a strip oT eotttin or 

faper, impregnated with starch, may be moistened with it. 
f iodine is present in the solution, it will immediately 
strike a more or less decided purple colour, the intensity 
of the tint varying from almost blaek to a pale shade of 
pink or lilac, according to the quantity of iodine dissolved 
m the liquid. 

808. Should the quantity of iodine in the solution be BO 
minute as to fail in producing a sutBciently decided result. 
the mixture may be evaporated nearly to dryness on a 
water bath, and tJie residue digested with ether ; which wiD 
dissolve, and carry with it to the surface, any iodine that 
may be present. The ethereal solution may then he e»»- 
pora(«d at a gentle heat, and the residue examined for 
iodine by beatmg it gently in a small glass tube (606) ; « 
by dissolving it m water, and testing with starch (807), 
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SECTION II. 

Detection of Iodide of Potassium (KI) in organic 

mixtures, Sfc. 

809. If the organic mixture, or the licjuid in which the 
sliced tissues have been macerated (805), is coloured to any 
considerable extent, it is advisable, before applying the 
tests, to remove the colouring matter by boiling with fresh 
animal charcoal ; since the colour might interfere with, or 
mask, some of the results. 

810. A little of the solution may then be mixed with a 
drop or two of nitric acid or a solution of chlorine, which, 
if any iodide is present, will decompose it, and set free the 
iodine (Prac. Cnem. 435). The iodine thus liberated may 
then be detected by means of starch, in the manner already 
described (807). 

811. The liquid suspected to contain iodide of potassium, 
may also be tested with solutions of acetate of lead and 
bichloride of mercury. With the first it will, if present, 
produce a bright yeUow precipitate of iodide of lead ; and 
with the second, a brilliant red precipitate of periodide of 
mercury. 



CHAPTEE Vm. 

SULPHURIC ACID (HOySO.). 
SECTION I. 

Detection of Sulphv/ric Acid in organic mixtures, 

812. Sulphuric acid may be readily detected, even when 
mixed with a large quantity of foreign matter. Should the 
substance to be examined oe viscid or semi-solid, it may be 
diluted with a little water, and boiled ; after which, if any 
solid matter remains in suspension, it may be filtered 
through muslin or paper. 

813. If the liquid contains free sulphuric acid, it will of 
course strongly redden blue litmus paper. 



B30 arLPUUBTC acid. 

814. Mix the liquid lo be tefted, iritb a little nitric acid, 
and add a Holution of cliloride of bariani or nitrate of barrta. 
If Bulphuric acid ia present, a, copioas white precipitate of 
Bolphate of baryta wiJl be produced, which will not disgolve 
on boiling the acidified mixtnre, nor yet on djlutin? it wilt 
a conaiderable quantity of water (Prac. Chem. 44a). 

815. If no precipitAle is occaaioned by the baryta aalt, it 
may be concluded that no sulphuric acia is present ; but as 
certain other acids besides salphTiric niiglit, if preBent, 
uanse a similai' precipitate, a^, for instance, tbe sulphtuvos, 
iodic, or selenic, it is advisable to prove that the precipitate 
IB really the sulphate, before finally deciding that Bolphorio 
acid is present. The probability of any of the other adds 
which I have aUuded to being contained in the liquid is, 
indeed, very small; but in all cases of medico-legal inquiry, 
no means should be neglected whereby the risk of errat 
can be removed or diminished. 

816. In order to prove whether the precipitate cansed 
by the baryta salt is indeed the sulphate, it should be se- 
parated from the solution by filtration, dried, and miied 
with four or five times its weight of pounded charcoal. Tie 
mixture is placed in a small tube closed at one end, and 
heated ; w hen the sidphate will be converted into sulphida 
of barium (BaS), owing to the charcoal combining with tlie 
oxygen both of the baryta and the siilphimc acid. The 
ignited mixture, after cooling, is to be moistened with ■ 
few drops of dilute hydrochloric acid, which will disengage 
fiimes of hydrosulphurio acid (sulphuretted hydrogen), 
readily det«cted by their ofiensive smell, and also byblacfc- 
eiiing a strip of paper moistened with a solution of lead, 
held at the open end of the tube. 

817. Since traces of sulphuric acid may be contained in 
the nitric acid used in acidifying tlie mixture (814), a little 
of the nitric acid employed, should be diluted with three or 
four times its bulk of water, and tested with chloride of 
banum. 

818. It is possible, also, that the substance imder exami- 
nation may contain some soluble sulphates in solution, ■> 
sulphate of magnesia, sulphate of zinc, &c., which would 
cause the precipitation of sulphate of baryta witli chWida 
of barium, even when no free sulphuric acid ia present. To 
remove this source of error, a little of the suapeeted fluid 
maybe evaporated nearly to dryness at a gentle heat, when 



any saline matter that may be preHent will cryat^ize out ; 
while tlie free sulphuric atid will continue hquid, and may 
be ideutifled by tie proper tests. Or a little of the fluid, 



of known weight, may be evaporated and gently ignited, 
whereby the free a(jid will be expelled, while the Bulphatea 
will remain behind. Then, by estimating the amount of 
solphurie acid in the aaline residue (833), and ascertaining 
also by experiment the quantity of sulphuric acid in an 
equal weigtit of the fluid previous ic evaporation, we can 
leam how much of the acid was in combmation, and how 
much free ; that in the ignited portion being derived from 
the anlphateB, and the ffifference between Uio two repre- 
senting the fi^e acid whieh was expelled during ignition. 

819. It is not often, however, that any serious uncer- 
tainty can exist as to whether the sulpnuric aeid found 
mixed with organic matter was or was not uncombined, 

Xcially in cases of suspected poisoning; since the corrosive 
its 01 the acid upon the parts with which it has been in 
contact, or other corrolwrative circumstances, will generally 
of theniBelves furnish evidence sufficiently conclusive. 



Detection of SuljiUuric Aeid in stains on elothing. 

820. The st^ns formed by sulphuric acid on articles of 
clothing are usually moist to the touch, and most commonly 
of a brown or red colour, varyingjhowever, with the nature 
of the materia! and of the dye. The acid may be detected 
in them by boiling the stained part with water, and testing 
the solution with litmus paper (813), and with chloride of 
barium or nitrate of baryta (814). 



Detection qf "Sulphate of Indigo" in m-ganic mirfuree, ^e. 

821. The solution of indigo in sulphuric acid, commonly 
caUed sulphate of indigo, which is occftsionally eitlier em- 
ployed OS a poison, or criminally thrown upon the person, 
may be detected in the same manner as the simple acid. 
It uas a deep blue colour, which may be destroyed by 



3SS HTDSOCHIOKIC ACID. 

botfine witk iihrir mad pnerio oB to the application of the 
tests: after wbich the solphurie acid may be identified 
exthnr in orsanie mixtures or on artidea oi clothing, by the 
expoimenis deeciibed in paragnqphs 814 — 818. 



sscnos IT. 

Qmamiiimtm detenmimatiom of Smlpkmrie Acid. 

823. Hie acid may, fcx this purpose, be precipitated in 
the form of sulphate t^baryta, m the manner described in 
paragraph $14. The precipitate is then washed on a filter 
with boilinfiT distilled water, dried, ignited, and weighed; 
when the quantity <^ add may be ca&olated as follows :— 

ptarie acid. — ■ j«- ^m.T--n-r ^^^^^ «mpl<qrea. 

>^ ^ 

49 :: 




CHAPTEEIX. 

HYDROCHLORIC ACID (ffCl). 



SECTION I. 

Detection of Hydrochloric Acid in organic mixtures, Sfe, 

823. "When firee hydrochloric acid is present in an organic 
mixture, it may be detected in the following manner. If 
solid or semi-solid matter is mixed with the hquid, it should 
be first boiled, and filtered through diuslin ; and when the 
mixture is thick and viscid, a little water should be mixed 
with it before boiling. The liquid is then treated with a 
tolerably strong infusion of galls, as long as it causes a 
predpitate, in order to throw down most of the dissolved 
animal matter, which would otherwise tend to prevent the 
add distilling over. The predpitate is then separated from 
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the clear liquid, either by again filtering through muslin, 
or by decantation. 

824. A few drops of the solution, thus purified from the 
greater portion of the organic matter, may now be tested 
with nitrate of silver. If this causes a white precipitate, 
soluble in ammonia, and insoluble in nitric acid, the liquid 
will have to be further examined (825) ; since the precipitate 
may be owing to the presence of chloride of sodium or some 
other soluble chloride. But if no such precipitate is occa- 
sioned by the silver salt, the absence or hydrochloric acid 
may be relied on ; unless, indeed, the solution is ammoni- 
acal, in which case it should first be neutralized or slightly 
supersaturated with nitric acid^ 

825. In order to prove whether the precipitate caused by 
nitrate of silver (824) is owing to the presence of free 
hydrochloric acid, or of some somble chloride, the liquid is 
to be distilled to dryness in a retort. The neck of the 
retort is to be attached by means of a perforated cork to a 
quilled receiver, the quill of which should be allowed to dip 
just below the surface of a little pure water placed in the 
flask or bottle intended for its reception (Prac. Chem. 61). 
Hie bulb of the retort is to be heated in a chloride of 
calcium bath, the heat of which may be raised, towards the 
end of the distillation, to about 230°. 

826. When the whole of the liquid has distilled over, 
the contents of the receiver are to be examined, first with 
blue Htmus paper, which, if any free acid is present, will 
become reddened; and also with nitrate of silver, which 
will give a copious white precipitate of chloride, soluble in 
ammonia, and insoluble m mtric acid; in case any free 
hydrochloric acid was present in the mixture, since such 
acid would distil over with the water. 

827. A little of the distilled liquid may also be mixed 
with a few drops of pure nitric acid, and boiled for a few 
minutes with a small fragment of gold leaf. If the latter 
dissolves, it is an additional proof that the acid is hydro- 
chloric (Prac. Chem. 431). 

828. In examining the contents of a stomach, it must be 
borne in mind that minute quantities of free hydrochloric 
acid are probably always present as one of the normal 
constituents of the gastnc juice ; so that the distilled liquid 
may always be expected to contain some traces of it. The 
amount oi the acid derived from this source is, however, so 



tU, tliat it may readily be diBtinguiBlw 
laree quaatity usually to be fou 
iw allowed. 



|E 

^^^H Quantitative iletenainaiioii qf Sgdrochloric Acid. 

^^^H 639. The chloride of ailrer (AgCI) obtatned by adding 
^^^V nitmte of silver to the diBtUled aind liquid (826) is to be 
^^^H washed on & filter, dried, and heated to dnll redii< 
^^^f countenKiiBed poruelain crucible, until it begins to iiise. 
I From the weight of the chloride thus obtained, that of the 

hydrochloric acid present in the mixture may be calculated 

as follows ;— 

thtaidfl' Ale. wt. of hydro- Wt.ofchLoriiB Wt. of hrdrocWorie idd 



CHAPTEE 5. 



Detection of Nitrte Acid in organic mixlarei. 

830. If any solid or eemi-Bolid organic matter ia presenl 
in the mixture, it should be separated by filtering ULrough 
muslin, having first boiled it, in order to effect the separ*!- 
tioD of the greater part of the acid present, from the solid 
matters which mav be more or less impregnated with ib 
Should the Uquid be thick and viscid, it may be first diluted 
with a Uttle water. 

831. If free nitric acid is present in any considerable 
quantity in the liquid, it will probably be recognised bv itt 
peculiar smell ; and the ohanicteriBtic yeUow sttun of the 
tisiues with which it has been in contact, is in most ci 

1 jKToepttble. The wont of smell, however, is no proof 



of the absence of the acid ; which may etill be present in 
coDBiderable quantity, either diluted with a comparativelj 
large ammmt of liquid, or even more or less completely 
ueutralixed by magiiefliu, or Bome other alkaline substance 
that may have been administered aa an antidote. In the 
latter case, the liquid may be neutral, or aearly so, to test 

833. In order to detect nitric acid, the liquid, after filtra- 
tion (830), may, if acid, be neutralized with earbonatp of 
potash, and evaporated to drynesH at a gentle heat. The 
nitric acid will thua be obtained iii combination with potash, 
forming nitrate of potash, which will be deposited in ueedle- 
shaped crystals when most of the water is expelled ; unless, 
indeed, the crystallization is prevented by tlie admisture of 
much animal or other matters. 

833. The greater part of the saline residue thus obt^ned, 
is to be dissMved in as small a quantity of water aa posaiblo, 
and the solution placed in four test tubes, for fie following 

To) The first portion is mixed in a small test tube, witL 
a few drops of strong sulphuric acid ; after which a clean 
strip or two of copper, or a bttle roll of copper wire, is 
dropped in, and, if necessary, a gentle heat applied. If 
nitnc acid is present, orange fumes of nitrons aeid will be 
given off, the smell of which may generally be recognised, 
even when in too small c[uantity to be apparent to the eye. 

(i) To the secoad portion add a few drops of hydrochlorie 
acid, and put a small fragment or two of gold leaf into the 
mixture. If nitric acid is present, the gold leaf will be 
pariMUy or wholly dissolvea ; and the presence of gold in 
the solution, may be jiroved by protochloride of tin eauaing 
with it a purple precipitate. 

(c) The third portion, is to be acidified with a few drops 
of strong sulphuric acid, and as soon as the mixture is cool, 
a small crystal of protosulphate of iron, is dropped in ; 
when, if nitric acid is present, the liquid round the crystal 
win a«sume a brown colour, which disappears on boiling 
the mixture. 



(d) Mix the remaining portion of the solution with, sul- 
phuric acid, and add a drop of dilute sulphate of indigo, 
sufficient to give the hquid a pale blue colour. If nitric 
acid is present, the colour of the indigo will disappear, 
especially on warming the mixture. 



DeUeiioit of Nitric Acid in stains on clothing. 



^^H 834. Stains occaaionrd by t 

^^^H woollen cloth are DBuaUr ot a brown or TeUonish colour, 

^^H and, iinlike those caused b; sulphuric a/sif (820), become in 

^^H a short time drv and extremely rotten. If recent, the acid 

^^H may genpraUj be detected in them, by boiling the stained 

^^^1 part with a httle water, neutralizing with potaah, and 

^^^P applying the t«atB mentioned in paragraph 833 ; but if an; 

^^B eouBiderable time has elapsed aincD the production of tiie 

I etain, it is probable that all tracea of the acid wiU have 

I disappeared, partly by evaporation, and partly by decom- 
position occasioned by contact with the organic matter. 



CHAPTEE XI. 

ILIC ACID (EO.Cfi.^). 



Detection of Oxalic Add in organic mixtures. 

835. Before proceeding fo apply the several testa for 
oxalic acid, in the contents of a stomach, vomited matters, 
or other mixtures containing organic matter, it ia advisable 
first t» separate the latter, since ita presence might interfere 
with the action of some of the reagents. If lime or mag- 
nesia has been used aa an antidote, the oxalic acid, if present, 
will be either wholly or in part in the form of an iusohible 
osalate ; so that, in that case, it is necessary to b<nl thiO 
sediment with a solution of carbonate of potash, wherebT 
the acid will be brought into solution aa oxalate of potSan 
{KO.C^O^ ; an insoluble e-arbonate of the earth being at 
the same time formed, 

CaO,C20:,+ KO, CO^=KO, C,0^+ CaO.CO,, 
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836. The suspected mixture is first boiled, to insure the 
solution of the whole of the acid contained in it, and filtered, 
if necessary, from any solid residue. A solution of acetate 
of lead is then added as long as it causes any precipitate, 
which win throw down the oxalic acid in the K)rm of the 
insoluble oxalate of lead (PbOjCgOj,), together with the 
greater part of the soluble organic matter. The precipitate 
thus formed is digested for an hour or two in dilute hydro- 
sulphate of ammonia, and the mixture then evaporated to 
dryness on a water bath. The lead is in this way separated, 
in the form of the insoluble black sulphide, from the acid ; 
which, in combination with the ammonia (oxalate of ammo- 
nia), may be dissolved out with water, leaving the sulphide 
undissolved, together with the greater part of the organic 
matter. 

837. The solution thus obtained is then filtered, and 
examined in the following manner for oxalic acid : — 

(a) A solution of sulphate of lime, or a very dilute solution 
of chloride of calcium, added to a portion of the solution, 
gives, if any oxalic acid is present, an immediate white 
precipitate of oxalate of lime (CaO,C20o+2Aq), which 
readily dissolves in dilute nitric or hydrocnloric acid, but 
is insoluble in acetic or tartaric acids. 

(b) If the oxalate of lime formed in a, be gently ignited 
on platinum foil, it wiU be converted into carbonate, with 
little or no blackening. The carbonate of lime thus pro- 
duced will be found to effervesce when treated with dilute 

' hydrochloric acid, and if a little of it be strongly ignited 
for a short time, it wiU be still further decomposedf, and the 
carbonic acid expelled ; after which the residue of caustic 
lime will, when placed on a piece of moistened turmeric 
paper, change the yellow colour to brown. 

(c) Test another portion of the solution with nitrate of 
silver. If oxalic acid is present, a white precipitate of 
oxalate of silver (AgOjCgOa) wiU be produced, which is 
soluble both in nitric acid and ammonia. If the precipitate 
be dried, and gently heated on j)latinum foil, it will be 
decomposed with a slight puff*, leaving a residue of metallic 
silver. 



KTDBOCTASIC 4CID. 



^^^1 Quantitative delermijiatum of Oxalic Acid. 

^^^m 838. The quantity of oxalic acid in the liquid maj be 
^^^H estimated in tlio foUawing manner'. The eolution is first 
^^^1 addified nith a little nitric acid, in order to deuompoee any 
^^^P soluble carbonate that ma; be present ; ailer which it may 
^^^B be neutralized with ammonia. A eolution of ehloride of 
I oalciuni is now to be added as long as it causes any pre- 

cipitate ; and the mixture ia boiled and filtered. The pre- 
oipitate, after being waslied on the filter, is dried, and gently 
I ignited in a oounterpoifled crucible. It ia then, after cooling, 

rooiatcned with a solution of carbonate of ammonia, and 
again heated a little below rednesa, in order to expel the 
excess of the ammoniocal salt, winch was added for the 

Ipurpoae of supplying carbonic acid to any lime that may 
have been rendered caustic during the first ignition {837 b). 
839. The oxalate of lime ia thus wholly converted into 
carbonate ; which is to be weighed, and from its weight 
that of the oxalic acid may be calculated aa follows : — 
All. »t ntnr. Ate, Wt. of ^p, ^„,.h llmo Wl. of OMUc MH 



CHAPTEE Xn. 
sTBBocriSJC (ok PHnasic) acid {SCy). 



840. The presence of hydrocyanic acid, even when lu^ely 
diluted, may usually bo detected by its peculiar and cha- 
racteristic odour, somewhat resembling that of oil of biUer 
almonds. Great caution is necessary not to inhale more 
than the smallest qnantily of the vapour, since headaclu 
and other unpleasant symptoms may be occasioned by 
merely smelling it, even when in a highly diluted state. 

841. It must be remembered, in cases of sumeoted 
poisoning with this acid, that so time should be lost in 
applying the tests for its presence ; since it rapidly vdlati- 
liEes, and unless (.'arefuUy protected from the air, disappean 
entirely in the course of a few days. 



Detection of Si/dro(yanic Acid %n organic mixtures. 
I. Selection ijftke acid in tie Hate qf vapour. 

842. Very Bmall traces of the acid may be detected by 
one or otlitr of the following tests, whiii may be readily 
applied to any liquid or mixture Huspeeted to contBJn it. 
iSiere ia also this adrantage in being able to identiiy it 
witJiout going through the prooess of distillation at a luglier 
temperature — yiz., that while the tests for the vapour 
which I am about to describe, are equally, or even more 
dehuate than those for tie liquid after distillation (846), 
the posaibihty, however remote, of the spontaneoiiH forma- 
tion of the acid by the dcL'ompoaition of the organic matter 
during distillation, ia altogether prevented. 

843. A little of the mixture suspeeted to contain the 
poison may be placed in a watch glass, over which another 
similar watch glass is to be invertea, having been previously 
moiatened with a drop or two of a solution of nitraf* of 
silver, care being taken that none of the latter is allowed 
to run into the lower glass. The glaaa containing the bub- 
peoted Bolufion is then very gently warmed by holding it 
jn tbe hand ; when, if any nydrocyanic acid ia present, it 
will volatiUze into the upper glass ; where, on coming in 
contact with the ailver solution, it will form a white film of 
cyanide of ailver (AgCy). Thifl test is very dehcate ; but 
as a somewhat similar effect might be produced by hydro- 
chloric aiiid, it ia always adviaable to confirm the result by 
the following experiments. 

844. A htSe of the suspected mixture is put into a watch 

r)8, over which is placed another gjasa moistened witi a 
p or two of solution of potash. The hydrocyanic acid, 
if present, gradually evaporates into the upper glass, where 
it combines with tiie potaab, forming in solution a Uttle 
cyanide of potassium. This is then mixed, first with a drop 
of a solution of protosulphate of iron (which should have 
been exposed to tlie ^ for a short time, so as to have 
become partially converted into the persulphate), and 
afterwarcfa with a drop or two of dilute nydrochloric acid, 
which should he added in alight excess. Should anvhj'dro- 
cyanic acid have been present in the mixture, a blue pre- 
cipitate of Prussian blue will be immediately formed, the 



proof at 
commonly 



appearaiwe of whieli 
the eristoiice of tlie 
known Ha Scioele't, o 

IMS. The following teat, commonly known as the lulpAtir 
test, which is perhaps the most dehcate of all, may alao be 
applied. A little of the Buapected fluid is put into a watoh 
giBSB as before, and orer tnie, another watch glass is ia- 
verted, contftining a drop of hjdrosulphate of ammonia, 
which for thia purpoae should contain an etuess of sulphur, 
and conseqnently have a yellow colour. The glaeaes iniw. 
be allowed to remain together for about a quart>er or half 
an hour ; after which the upper one is removed, and plaoej ' 
ou a water bath, until the lijdrosulphate of ammonia it 
evaporated to dryneaa. Should any hydrocyanic arid have 
been preaent in the liquid, some of jta vapour wiQ have 
mixed with the hydrosulphate, with which it would form 
Butphocyanato of ammonia. The residue left aft«r the 
evaporation of tlw dropi is now to be moistened with jt 
dilute solution of peraulphate of iron ; which, in case any 
eulphocyanate of ammonia had been formed, or, in otL^ 
words, m case any hydroeyaiiic acid had been present in 
the Buapoetod mixture, will immediately produce a blood- 
red colour, owing to the formation of sulphoeyanide rf 

n. Defection of Hydrocganie Acid i» sohtiitm. 

846. The mixture suspected to contain the poison, is to 
be distilled in a retort heated on a water bath, the receiver 
being kept cool bv immersion in cold water, or in a freeziiw , 

, miitura composed of ice and salt, or of equal weights cj 
nitrate of ammonia and water (Prac. Chem. 61). Wliea 
about one-eighth part of the hquid has passed over intd 
tho receiver, the ^tillation may be atopped. Should tba 
mixture, previoua to diatillation, be at all alkaline to t£st 
paper, it ahouid be slightly acidified with dilute sulphuric 
acid, in order to disengage the hydrocyanic acid from the 
ammonia, or other bases which may be preaeot, and which 
would prevent the dtatiDation of tlie acid at the low tom- 
peratore employed. The presence of hydrocyanic acid in 
the distilled liquid may be aacertained by the following 
pecnliaritiea : — 

847. Unless the quantity of acid be very minute, the 
peouliar odour, reaembling that of oil of bitter almonds, 
will probably be apparent. 



^ 
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848. Test a little of the diatiUed liquid mtli a solution 
of nitrate of silrer. If hjdroojanic acid ia pre§ent, a white 
precipitate of cyanide of silver is produced, which ia soluble 
in ammonia and in hot nitric aeii but insoluble in the cold 
acid. When treated with hydrochloric acid, the precipitate 
gives off hydrocyanic acid vapour, which may be recognised 
by its odour (840), and chloride of silver is at the same 
tune formed. 

849. Add to a little of the distilled liquid in a test tube, 
firet, a httle solution of potash j then a drop or two of a 
solution of protosolphate of iron, containing also a little 
persulphate (844) ; and lastl3^, a slight excess of dilute 
hydrochloric acid. If the Uquid eontama hydroeyaaio acid, 
a precipitate of PruBsian blue will be immediately produced ; 
or if only a small trace is present, a few hours may elapse 
before it lieuomos apparent. 

850. MiT another portion of the distilled liquid with a 
few drops of yellow hydrosulphato of ammouia (846), and 
evaporate the mixture to dryness on a water bath. On 
moiatenins the dry residue with a solution of persulphate 
of iron, a Wood-rod colour of sulphocyanide of iron will be 
produced, in case any traces of hydrocyanic acid are present. 
The colour of the sulphocyanide of iron is immediately 
destroyed on the addition of a drop or two of a solution of 
bichloride of mercury; in which respect it differs from 
that caused on mudug a persalt of iron with a solution of 
meconic acid (863). 

851. The evaporation to dryness in this experiment is 
necessary, in order to decompose the escesa of hydro- 
sulphate of ammonia ■, which would otherwise form with 
the iron aolntiou a black precipitate of solpliidc, and thus 
obscure the appearance of the characteristic red colour. 
During the evaporation, the heat must be kept very 
moderate, lest any of the sulphooyanate of ammonia that 
may be formed by the action of the hydrocyanic acid on 
'" ' ' ' ' te, should be decomposed. 

decided indication of the actd be afforded 
I httle of the distilled liquid may be 
lannor described in paragraphs 843 — 845. 




Quaniitatiee determinatiiya of Sydrocyanic Acid. 

853. The quantity of hydrocyanic acid contained in 
organic misture may be aacertamed with snffieient accnracy 
for most piirpoaes, by diatiUiiig the acid (846), and prft- 
cipitating the diBtilleJ liquid by meanB of nitrate of eilTer. 
The precipitated cyanide of aHvei is washed and dried ii 
hot water oven until it ceaaea to loae weight. From the 
iFeight of the cyanide thus obtained, that of the anhydroui 
hyiSocyanic acid (HCy ) may be calculated aa follows ; — 

Arc. wt, A(c, wt. Df Wt. of eyuiJdE Wt. of hjdrocjuilc 

of cyanide bjdrocjanic of tUTcr Kid ia ibt quantity 
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CEAPTEE Xin. 



834. Of the BCTcral compounds contained in, and peculiar 
to opium, two only, morphia (C^Ha^O,) and meeonic 
acid(3HO,C|4HO|[), are posBCBsed of sufficiently ehararter- 
istio propertieB to enable ub to identity them when mixed 
with otber matters ; the tests for these substances, more- 
orer, are not particularly delicate, so that it is difflcvdt, and 
not unfrequently impossible, to detect Hmnll traces of them. 
In cases of poisoning with opium, it is seldom that any 
traces of it can be found in tne contenbi of the stomach ; 
so that the tissues of the stomach itaelf, the intestines, and 
also any vomited matters, ought to be carefully examine " 
for the poison. 

Detection qf Opium in organic mixtures, tissue*, ^c. 

855. If the substance to be examined is liquid, or semi 
fluid, it should first be evaporated to dryness, or nearly u 
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on a, water bath. If solid, the susperted substanee may 
be t-ut into tliin slices. The residue left aft<?T evaporation, 
or the sliced solid matter, ae the case may he, is then to 
be digested for an hour or two, with the aid of a gentle 
heat, in a flask placed on a water bath, with a small 
quantity of water containing a httle acetic acid. The 



of lead (PbO.CfS^O^+SAq) as long as any precipitate is 
prodiiced. The meconic acid, if present, la thua thrown 
down in combination with oxide of lead, forming meconate 
of lead (3PbO,C|,HOi,) -, while the morphia remains in 
solution in combination with acetic acid (acetate of morphia 
(<7J,S■^0„C^-ffsO,),) together with any excess of acetate 
of lead that may have been employed. The mistiire is 
warmed (not boiled, since by boilmg, some of the meconic 
acid might become decomposed), and when again cold, ia 
filtered. 

856. The clear solution may firat he examined for mor- 

?hia ; reserving the precipitate for subsequent esamination 
962). 

857. A current of hydrosulphuric acid (sulphuretted 
hydrogen) is passed through the solution, until the latter 
Bmells distinctly of the gas, m order to decompose the excess 
of acetate of lend. The pitjcipitated sulphide of lead is 
BTOarated by filtration from Uie solution ; wliich latter, 
after boiling, and if necessary concentrating by evaporation, 
is to be examined for morphia by memis of the IbUowing 

858. Hace a drop or two of tJie concentrated solution on 
a strip of glass, and add a drop of ammonia. The morphia 
will bo precipitated in the form of minute needle-shaped 
crystals, which may be examined under the microscope. 

859. Another amnll portion of the solution is mixed with 
a solution of iodic acid (10.) ; if morphia is present, the 
iodic acid will be deoxidized, and tlie reduced iodine will 
give the hquid a brown or yellowish tmt. If now a httle 
solution of starch be added, it will cause apurple precipitate 
of iodide of starch. 

860. Nitric acid forma with tolerably strong solutions 
of morphia, an orange-yellow coloured compound, which 
becomes lighter in ci^our wlien boiled. 

861. A solution of perchloride of irou causes in n.eu.tr6.l 



rS44 oFiru. 

ftolutions containing morphia, a, bluish, inky-coloured pre- 
cipitate, somewhat similar to that eaused in an inftision of 
palls. If tie mixture be treated with nitrio acid, the 
blue colour diaappeara, and the orange-yellow (iompoiind ia 
formed (860). 
862. The precipitate, suppoaed to contain meconate of 
lead (8S6], ia now to be mixed with water iu a beaker glaM; 
and while suspended in the hquid, treated with a current 
of hydroBulphuric acid, the mixture being stirred occasion- 
ally. The meconate of lead ia thus decomposed ; the blaob 
sulphide of lead being precipitated, while tne meconic acid, 
if present, remains in solutioa. The mixture is filtered to 
separate the sulphide of lead, and the clear liquid is gently 
warmed (not boiled (865),) in order to expel the excess of 
tydrosulphuric acid; and, if neeeBsary, concentrated by 
evaporation on a water bath. The meconia acid, if present 
in sufficient quantity, may then he detected by the following 

863. A solution of perchloride of iron gives the liquid, 
in ease meconio acid is present, a bright red colour, owing 
to the formation of meconate of iron. The colour closely 
resembles that caused in solutions of iron by the sulpho- 

Sanidea, from which it may be distinguished by not b«ing 
colorized by a solution of bichloride of mercury (860). 
It is, however, destroyed by boiling nitric acid, chloride m 
tin, and the caustic alkalies. 

864. Solutions of acetate of lead, chloride of barium, and 



865. Ammoniosulphato of copper throws down a green 
precipitate of meconate of copper, which is soluble in nitrio 
and hydrochloric acids. 
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CHAPTER XTV. 



rUHB, StTSPECTED 
THE UiTUKE OF 
iNTIMONY, MKB- I 



866. Wlien an organic mixture is anspected to c 
one of the above-mentioned mineral poiBOna, it may be 
exanuned in the following manner. If the matter to be 
examined ie Bolid, it should first be cut into thin slic-es, and 
any lumps of solid or semi-aoUd matter tlmt may be proaent 
should be erushedand disintegrated. About three-fonrtliB 
of the mixture may then b« treated with hydrochloric acid, 
Be already described in the ease of araeme (757, ie.), and 
gentlv boiled ; the remaining fourth part being retained, in 
case it may be required for further examination. If anif- 
tbing remains iinmasolved after the digestion with acid, it 
may be separated bj filtering through muslin, and retained 
for subsequent teatmg, in case the cxemiiiBtioa of the hquid 
portion should prove unauccraaliil (871). The greater part 
of the excess of hydroehloric acid may then be expelled by 
erapoTstion on a water bath ; after which it may be tested 
in tne following manner. 

867. A little of the solation may first be tried with 
Marsh's test, in tlie manner described in paragrapliH 745 — 
748, whereby any absenic or antimony that may be 

f resent will readily be detected. (Confirm, for arsenic, 
Ifl, 742—744; for antimony, 764, 765). 

868. Try another portion of the solution for merccey 
with Eeinach'a test, in the manner described in paragraphs 
770, Ac. (Confirm, 773). 

869. Another portion of the clear liquid may be tested 
with a drop or two of dilute sulphuric acid, or a solution of 
sulphate of soda. If any lead ia present, it will cause a 
white precipitate ; which, after bemg washed, ia turned 
blaek when moistened with hydrosulphate of ammonia 
(786 b & c.) (Confirm, 786, d. e./). 
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870. If COPPEB is present in the solution, it may be de- 
tected by immersing a needle or other piece of dean iron, 
which wiU in tiiat case become coyered with a coating of 
metallic copper (796) ; or by adding a slight excess of am- 
monia, which will canse the lio^oid to assume a more or less 
intense blue colour (797 h). (uonfirm, 797, c & d), 

871. In case no poison can be detected in the solution, 
the solid portion which was separated by filtration may be 
boiled wim tolerably strong mtric acid, in order to ensure 
the solution of any traces of the metals that may be con- 
tained in it. The acid mixture is then diluted with a little 
water, filtered if necessary, and deprived of the greater 
part of the excess of acid by evaporation on a water bath ; 
afber which it may be tested for the several metals in the 
manner above described (867 &c). 



APPENDIX. 



WEIGHTS AND MEASURES. 



Troy or ApotJvecwriea* Weight, 



an< 


i. Ounces. Drachms. Scruples. Grains. 


French Grammes. 


1 


= 12 = 96 = 288 = 6760 


= 372.96 




1 = 8 = 24 = 480 


= 31.08 




1 = 3 = 60 


= 3.886 




1 = 20 


= 1.296 




1 


= 0.0647 



Avoirdwpois Weight. 



Pound. Ounces. 

1 = 16 
1 



Drachms. 

266 

16 

1 



Grains. French Grammes. 

7000 = 453.26 

437.6 = 28.328 

27.343 = 1.77 



Im/perial Mea»iurt. 



Gallon. Pints. Fluidounces. Floidrachms. 

1 = 8 = 160 =: 1280 

1 = 20 = 160 

1 = 8 

1 



Minims. 

76800 

9600 

480 

60 



Weight of Water <U 62^, contained in the Imperial OaUon, Ac, 



Imperial Gallon 
Pint 

Fluid Ounce 
Fluid Drachm 
Minim 



9i 



}> 
it 



Grains. 
70,000 
8760 
437.6 
64.7 
0.91 
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CMc Inches contained in the Imperial OaUon, Jbc. 



1 Imperial Gallon 
1 „ Pint . 
1 „ Fluid Ounce 
1 „ Fluid Drachm 
1 .. Minim 



f> 



Cubic Inches. 
277.273 
34.659 
1.732 
0.2166 
0.0036 



FRENCH WEIGHTS AND MEASURES. 
MecLswres of Length, 



English Inches. 










Millimetre == .03987 










Centimetre = .39371 










Decimetre = 8.93710 










Metre == 89.87100 MU. 


Fur. 


Yds. 


Feet. 


In. 


Decametre = 898.71000 = 





10 


2 


9.7 


Hecatometre = 8987.10000 = 





109 


1 


1 


KUometre = 89871.00000 = 


4 


213 


1 


10.2 


Myriometre = 898710.00000 = 6 


1 


156 





6 



Measures of Capacity, 



MiUiUtre 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 



Cubic Inches. 

.06102 

.61028 

6.10280 

61.02800 

610.28000 

6102.80000 

61028.00000 

610280.00000 



English Imperial Measure. 
Gall. Pints. F.oz. F. drms. Min. 











2 

22 

220 

2200 






1 
1 


7 







3 

15 

12 

1 

12 

18 




2 
8 
1 
1 
4 
6 
4 



16.3 
42 
2 
48 
16 
48 
24 
48 



Measures of Weight. 



Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Heoatogranmie 

Kilofiramme 

Mjifogmmme 



English Grains. 
^ .0154 

= .1544 

= 1.5444 

= 15.4440 

=r 154.4402 
= 1544.4023 
= 15444.0234 
= 154440.2344 



Avoirdupois. 



Poun. 





2 
22 



Oun. 

8 
3 
1 



Dram. 
5.65 
8.5 
5 
2 



INDEX. 



A. 



&c. 



Acid, arsenious ..... 
,, detection of, in oi^ganic mixtures, &c. 
carbonic, estimation of . . . 

hippuric .... 

hydrochloric, detection of, in organic mixtures, 

„ quantitative determination of 

hydrocyanic, detection of in <Hrganio mixtures, &c. 

* „ quantitative determination of 

lactic .... 

lithic ..... 
meconic .... 
nitric, detection of in organic mixtures, &c. 
oxalic, „ „ 

„ quantitative determination of 
prussic ... 

sulphuric, detection of, in organic mixtures, &c 

„ quantitative determination of 
uric ..... 
xanthoproteic 
Adulterations of milk .... 
Albumen ..... 
„ in the blood .... 
„ in urine, estimation of . 
„ tests for . . . . 42, 

Albimiinous urine .... 

Alcohol extract 
Alkaline salts of the urine 
Ammonia, detected in oi^nic mixtures 
Ammoniacal salts of the urine 
Analysis, quantitative, of albuminous urine 
„ „ of diabetic urine . 

Animal extract 
Animalcules in the blood . 



6, 



PAOI 

204 
208 
192 
8 
232 
234 
289 
242 
169 
31,58 
24S 
234 
280 
288 
989 
229 
282 
31, (f8 
126 
177 
42, 68, 125, 197 



6, 



157 

99 

68, 126 

42, 68 

11 

12 

202 
11 
99 
98 
10 

166 



250 



INDEX. 



it 
a 

>9 

it 
a 
if 



Anemia, blood in . . . 

Antimony, detection o^ in organic mixtures 
„ „ the tissues . 

,, quantitative determination of . 

Apo&ecaries' weight . 
Arsenic^ detection of, in organic mixtures . 
„ oily or &,tty matters 

f, the tissues 

Marsh's test for 
reduction test for 
Reinsch's test for 
quantitative determination of 
Arsenious acid .... 
Ass^ milk of ... . 

Avoirdupois weight 

B. 

Beoquerel, his analysis of urine . 

„ and Boaier, their analysis of blood 
Berzelius, his analysis of urine 
,f his analysis of bone 
Bile, tests for . » . . . 

Biliary calculi ..... 

Biliary matter in the blood 

}j „ detected in organic mixtures . 

„ urine . . . • . 

Blood ...... 

corpuscles » . . . . 

morbid . « * « . 

containing an excess of water 

or deficiency of corpuscles 



a 
a 
if 
a 
a 
a 
a 
a 
a 
fi 
it 
it 
a 
it 
a 
f> 



it 
it 
it 
a 
a 
a 
a 
a 
a 



a 
a 
a 
ti 
a 
ti 

sugar 



a 



of&t 
of urea 



tt 

ti 

if 



albumen 
fibrin 
saline matter 



in milk 



biliary matter 

pus 

animalcules 



detected in organic mixtures 
quantitative analysis of 
Dmuas' analysis of . 
stains of, identi&ed 



PAGE 

155 
212, 245 

214 
. 214 

247 
208, 245 

210 
. 211 

206 
. 205 

208 
. 211 

204 
. 173 

247 



29 

153 

27 

194 

45,70 
115 
164 
200 

45,70 
119 
121 
155 
155 
156 
157 
158 
162 
159 
160 
163 
164 
165 
166 
176 
199 
133 
152 
125 



INDEX. 


*ib\ 






PAOI 


Blood, Simon's analysis of 


• • • 


158 


„ Becquerel and Rodier's 


analysis of 


. 158 


yy Lecanu's analysis of 


• • • 


158 


„ specific gravi^ of . 


• • 


. 119 


„ in the urine 


• • • 


. 44, 69 


Bone 


• • 


. 188 


,y quantitative analysis of 


• • • 


190 


„ morbid 


• • 


. 195 


Bright's disease, blood in 


• • • 


157 


Bu%^ coat . 


• • 


168 


Calculi, biliary 


C. 

• • • 


115 


,, cystine 


• • 


. Ill 


,j fusible 


• • • 


108 


,, hempseed . 


• • 


. 109 


„ incombustible . 


• • • 


118 


„ mulberry . 


• • 


. 109 


J, Oxalate of lime 


• • • 


109 


,, phosphate of lime . 


• • 


. 106 


„ qualitative examination of 


112 


„ triple phosphate . 


• • 


. 107 


,, urate of ammonia 


• • • 


106 


„ urate of lime 


• • 


. 110 


„ uric acid 


• • • 


104 


„ urinary 


• • 


. 103 


Calomel, detection of, in organic mixtures, &c. 


216 


Carbonic acid, estimation of 


• • 


. 192 


Cartilage 


• • • 


. 188, 199 


Casein 


• • 


168, 198 


Casts, fibrinous 


• • • 


44 


Chalkstones 


• • 


. 116 


Chevallier and Henri, their analysis of milk . 


178 


Cholera, blood in . 


• • 


167 


Cholesterin 


• • • 


115, 160, 201 


„ in the blood 


• • 


. 159 


Chondrin 


• • • 


199 


Chylous urine 
Chlorosis, blood in 


• • 


. 48, 78 


t • • 


156 


Clemm, his analysis of milk 


• • 


. 172 


Collin . 


• • • 


199 


Colostrum . 


• • 


170, 176 


Combustible calculi, examination of . 


112 


Concretions, gouty . 


• 
• • 


116 



252 



INDEX. 



Copper, detection o^ iu oi^nic mixtures, &c. . 

yf quantitative determination of 
Corpuscles, excess or deficiency of, in the blood 
Corrosive sublimate, detection of, in organic mixtures, 
Cow, milk of . 
Creatine ...... 

Creatinine ..... 

Cystine calculi 

tests for . . 



&c. . 



n 



PAGE 

224, 245 

. 226 

156 

215 

173 

11 

11 

111 

58, 75 



D. 

Deposits, urinary, examination of . 

„ „ microscopic examination of 

Diabetes, blood in . 
Diabetic urine . . . . . 

„ „ quantitative analysis of 

Dumas, his analysis of blood . 

E. 

Earthy salts of the urine . 
Enderlin, his analysis of the ash of blood 
Epithelium .... 

Ewe, milk of . . . 

Extractive matters of the blood 

urine 



it 



if 



a 



F. 



Fat, detected in organic mixtures . 

„ „ the urine 

„ globules in milk 
Fatty matters of the blood 

„ „ excess of, in the blood 

Fermentation test for sugar 
Fibrin .... 

„ excess or deficiency of, in blood 
Fibrinous casts 

Figuier, his mode of analyzing blood 
Fixed alkaline salts of the urine 
Fusible calculi . 



80, 83 

87 

163 

37, 68 

93 

152 



14 

154 

9 

173 

129 

10 



. 200 

48,73 

. 170 

130 

. 159 

40 

127, 197 
158 

44 
156 

12 
108 



G. 



Gail stones 
Gelatine 



115 
. 188, 199 



INDBX. 



253 



Globules, organic 
Glutin . 
Gk>at, milk of 
Gt)uiy concretions 



H. 



Haidlen, his analysis of the ash of milk 

Healthy urine ...... 

HeUer's test for bile .... 

Hempseed calculi ..... 

Hippuric acid ..... 

,, ,, excess of, in urine 
Human nulk, composition of . . . 

Hydrochloric acid, detection o^ in organic mixtures, &o, 

„ „ quantitative determination of . 

Hydrocyanic acid, detection of, in organic mixtures, &c. 

quantitative determination of . 

Scheele's test for . 

sulphur test for 



>t 



>» 



ft 



»> 



fi 



f> 



PAOI 

48 
199 
173 
116 



171 

1 

46 

109 

8 

33,52 

172 

232 

234 

239 

242 

240 

240 



I. 

Imperial measure ..... 247 

Incombustible calculi, examination of . . .113 

Iodine, detection of, in organic mixtures, &c. . . 228 

„ „ in the urine . . . 54, 76 
Iodide of potassiimi, detection of, in organic mixtures, &c. 229 

K. 



Kiestein ..... 


49 


Kreatine ..... 


11 


Kreatinine ..... 


11 


L. 
Lactic acid ..... 


169 


Lactine ..... 


. 169 


Lead, detected in water 


219 


,, „ in organic mixtures, &c. 


220, 245 


„ quantitative determination of . 


223 


Leomu, his analysis of blood 


. 153 


Lehmann, his analysis of bone 


195 


„ „ of urine 


29 


VHeretier, his analysis of milk 


172 



254 



INDBX. 



Liquor sanguinis 
Idthic acid 


• • 
• • • 


t» 


a 


excess of, 


in the urine . 


f> ft 
Lithate of 


detected in organic mixtures 
ammonia 


ff 

a 


a 
>* 
if 


„ excess of, in the urine 
potash . 
soda 



PAGE 
119 

6, 31, 58 

31,57 

203 

. 7,32 

31, 59 

7 

7,33 



M. 

Margarine .... 

Marchand, his analysis of urine 

Marsh's test for arsenic 

Measure, imperial 

Meconic acid .... 

Mercury, detection of, in organic mixtures, &c 

„ quantitative determination of 
Microscopic examination of urinary deposits 
Milk ..... 

adulteration of 
containing blood 

„ pus 

detected in organic mixtures . 
globules 

hiunan, composition of 
of animals, 
morbid 

quantitative analysis of 
sugar of . . . 

Milky blood 

Miller, his analysis of urine 
Mixed animal fluids, examination of 
Morbid blood 
bone 
milk 
mucus . 
urine 
„ qualitative examination of 
Moore's test for sugar 
Morphia . . , 

Mucus .... 
„ excess of, in the urine 
„ quantitative analysis of 
„ morbid . 



ft 
tt 
ft 
*f 
tf 
ft 
tt 
ft 
ft 
It 



201 

28 

. 206 

247 

. 242 

215, 246 

218 

87 

. 167 

177 

176 

176 

. 201 

170 

. 172 

173 

. 175 

173 

. 169 

159 

28 

196 

. 155 

195 

. 175 

182 

30 

55 

40 

242 

9, 34, 179, 198 
34, 63 
. 180 
182 



INDEX. 



255 



N. 



Naase, his analysis of mucus 
Nitrate of urea .... 

Nitric acid, detection of, in organic mixtures, &c. . 
,, „ „ in staans on clothing . 



PAOB 

182 

5 

234 

236 



O. 

Oleine ..... 
Opiimi, detection of, in organic mixtures, &c. 
Organic globules .... 
Osmazone ..... 

Oxalate-of-lime calculi 

„ „ deposits 

„ of urea .... 
Oxalic acid, detection of, in organic mixtures . 

„ „ quantitative determination of 



. 201 


242 


48 


11 


. 109 


50, 74 


4 


236 


. 238 



P. 

« 

Pettenkofer's test for bile .... 45 

Phosphate of ammonia and magnesia calculi . .107 

Phosphate of lime calculi . . . . 106 

Poisons, detection of, in organic mixtures, &c. . . 204 

Prosch, his analysis of bone . . . . 195 

Protein . • . . . . . . 127 

Prussic acid, detection of, in organic mixtures, &c. . 239 

quantitative determination of . . 242 

Scheele's test for . . . . 240 

sulphur test for . . . . 240 

Purpurine . . . . . . 35, 64 

Pus . . . . . 47, 70, 183, 198 

„ quantitative analysis of . . . . 186 

„ in the blood ...... 165 

„ in milk ..... . 176 

Pyin ....... 198 









Q. 

Qualitative examination of calculi 

„ „ morbid urine 

Quantitative analysis of albuminous urine 

blood 



a 



a 



111 

55, 76, 84 

90 

. 133 



< 



isdo 
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PAGB 


Quantitatdve analysis 


of bone . 




190 


a 


>» 


diabetic urine 


• • 


93 


ff 


ff 


healthy urine . 




17 


}f 


ft 


milk 


• • 


. 178 


>f 


ff 


mucus 




180 


>f 


ff 


pus 


• • 


186 


>> 


determination of arsenic . 




211 


31 


ff 


antimony 


• • 


. 214 


ji 


ff 


copper . 




226 


if 


** 


hydrochloric 


acid 


234 


if 


ft 


hydrocyanic 


acid 


242 


ij 


f» 


lead 


• • 


. 223 


}f 


ff 


mercury 


• • 


218 


if 


ff 


oxalic acid 


• • 


. 238 


3f 


ff 


sulphuric acid 


232 



R. 



Reduction test for arsemc . 


. 205 


Reinsch's „ • „ 


208 


S. 
Saline matters of the blood 


. 131 


„ „ excess or deficiency of, in the bloo< 


i . 162 


„ „ in milk . . 


. 171 


Salts, alk^ne, in the urine 


12 


„ ammoniacal, in the urine 


11 


„ earthy, in the urine 


14 


Semen ..... 


49 


Serolin ..... 


201 


Simon, his analysis of blood 


. 153 


milk . 


172 


„ „ urine 


27 


Solid matters in urine .... 


78 


Specific gravity of urine 


. 1, 77 


Spermatx)zoa ..... 


50 


Stains of blood identified . 


125 


Starch granules .... 


178 


Stearine ..... 


201 


Sugar, detected in organic mixtures 


202 


„ fermentation test for 


40 


„ Moore's test for ... 


40 


,, Trommer's test for . 


39 


in the blood .... 


163 



INDEX. 



257 



PAGE 

Sugar of milk ...... 169 

diabetic ..... 87 

„ in urine, estimation of . . .98 

„ tests for ... . 39, 68 

Sulphate of indigo, detection of, in organic mixtures, &c. . 281 
Sulphuric acid, detection of, in organic mixtures, &c. . 229 

„ in staans on clothing . . 231 

quantitative determination of . 232 






}} 



t> 



Triple phosphate calculi 

„ „ deposits 

Torula . 

IVommer's test for sugar 
Troy weight 



107 
15 
41 
39 

247 



U. 



Urate of ammonia 


. 7,82 


„ „ calculi 


105 


,, „ excess of, in urine 


. 81, 59 


„ of lime in calculi 


110 


„ of potash .... 


7 


,, of soda ..... 


7,83 


„ ,, in the blood 


. 162 


Urea ...... 


2, 30 


,, detected in organic mixtures 


. 200 


„ excess of, in urine 


30, 56 


„ in the blood .... 


. 160 


„ nitrate of .... 


6 


,, oxalate of . 


4 


Uric acid ..... 


. 6, 31, 68 


„ calculi of ... 


. 104 


„ detected in organic mixtures 


208 


„ excess of, in urine 


. 81, 57 


„ in the blood . . . . 


162 


Urina chyli .... 


1 


„ potus ..... 


1 


ff sanguinis . . . . . 


1 


Urinary calculi , . . . 


108 


„ deposits, examination of . 


. 80, 88 


„ „ microscopic examination of 


87 


8 





"lb 


S 
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Urine, albmninoiiB, qoantitatiye analysis of 


99 


„ chylous 


• • • • 


48, 73 




, containing albumen 


. 42, 68 




f ff 


bUe 


45, 70 




f » 


blood .... 


. 44, 69 




* >f 


cystme 


53, 75 




9 »i 


fat . 


. 48, 73 




f i* 


iodine, ftc. . 


54, 76 




> >» 




. 50, 74 




» fi 


pns 


47, 70 




> if 


semen .... 


. 49, 74 




> t> 


urate of soda 


33, 61 




, diabetic 


• • • • • 


. 37, 68 




1 >f 


quantitative analysis of 


93 




, healthy 


• • • • • 


1 


• 


* a 


average composition of 


27 




9 >J 


quantitative analirsis of 


. 17 




, specific gra^ty of . . 


1,77 




, morbid 


• • • a • 


30 




i ft 


qualitative ezaminati(m of . 


56 




, with CKoess of alkaline salts 


. 35, 66 




f . » 


earthy phosphates 


36, 66 








extractive matters . 


. 35, 64 








hippuric acid 


33, 62 








mucus 


. 34, 63 








urate of ammonia 


81, 59 








urea 


. 80, 56 








uric acid 


31, 57 




r weight of solid matters in . 


78 


Uri 


nometer 


« 


• ■ • • 


77 



V. 



Valentin, his analysis of bone 
Venous blood, composition of 
Vesica] mucus 
Von Bibra, his analyses of bone 



. 195 

152 

. 9, 34 

193, 196 



W. 



Water, detection of lead in 

excess of, in the blood . 
extract 



tf 



>> 



219 

155 

11 



IKDBX. 259 

PAQX 

Weights and Measures .... 247 

Wright; his analysis of pus . .187 

X. 

anthoproteio acid . . 126 

Z. 

Zinc, detection of, in organic mixtures, &c. . 227 



THE END. 
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